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Abstract 
The ocean surgeon, Acanthurus bahianus, is a coral reef fish inhabiting 
the tropical and subtropical waters of the western Atlantic, including southeastern 
Florida. This study was a 23-month analysis of the reproductive cycle correlated 
with the annual build up and depletion of fat reserves in the fish. In addition, an 
age and growth analysis of this species was conducted. A total of 507 fish were 
analyzed for length, weight, gonad weight and fat body weight. 478 were aged by 
microscopic examination of the transverse section of the sagittae otolith. The von 
8ertalannfy growth equation was used to determine length at age. The 
calculated maximum age for A bahianus at this site was 17.86 (the oldest fish 
collected was an 18 year old male). The male and female gonadosomatic index 
increased from October to reach their highest levels in February and regressed 
to the lowest levels in June. The fat bodies held an inverse relationship with the 
gonadal growth. The fat body somatic index was the highest in August and 
September preceeding the gonadal recrudescence and reached the lowest 
levels in March. There was a correlation between fat bodies and mean sea 
surface temperatures at the study site but it is not clear if this is a casual 
relationship. This study is the first to report an' in depth analysis of the fat and 
reproductive tissue cycles of A. bahianus and adds to knowledge of age and 
growth of this species. 
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1. Statement of Purpose: 
The knowledge of age, reproductive timing and the energy a species 
channels into reproductive strategies is fundamental to fishery science. In the 
early life stages, information on age structure can be used to clarify the effects of 
changes in the environment on growth and survival and can result in an 
improved understanding of factors affecting recruitment success. In adults, 
knowledge of age and growth is used to determine the effect of fishing on the 
stocks, to establish the efficacy of management policies, to determine life history 
events and to maximize the yield while still ensuring the future of the resource. 
There have been many 'studies that have examined seasonal variation and 
changes in a variety of physiological variables of different fishes including that of 
gonadal growth and seasonal fat cycling as a reproductive adaptation 
(DeVlaming et al. 1978; Reznick et al. 1987; Chellappa et a1.1989; Bradford 
1992; Rajasilta 1992). Some of these studies, (Lou 1993; Fishelson et al. 1987) 
have focused on Acanthurids, but, none has thoroughly correlated reproductive 
physiology with seasonal changes in this family. Likewise, there is extensive 
literature on the age and growth of fishes, including Acanthurids (Baird 1977; 
Bakanov et al. 1987; Crabtree and Bollock 1998, Choat and Robertson 2002; 
Crabtree et al. 2002) but there are no such reports on South Florida Acanthurids. 
The objective of this study was to examine the spawning period and lipogenic 
phases of the annual cycle of Acanthurus bahianus using the fat body somatic 
index, the gonosomatic index, otoliths and a growth curve. A further goal was to 
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measure the annual periods of age and growth and determine how those 
variables correlate with seasonal changes in reproductive timing and lipid stores. 
2. Introduction: 
2.1 Seasonal Cycles: 
Seasonal cycles are common among tropical fishes ,(Ntiba and Jaccarini 
1990; and Coggan 1997), but little attention has been given to the dynamics of 
nutrienJ . acquisition or storage .prior to, or during, periods of gonadal 
development, or to interspecific or intersexual differ~ncesin reproductive timing. 
The seasonal storage and utilization of lipid reserves are important in the 
metabolic activities and overall life histories of many animals., Cycles. of lipid 
storage and utilization are generally associated with seasonal changes in food 
. . 
availability or metabolic demands. In many fishes, reserves are ul>ed prim.arily in 
reproduction, as indicated by complementary cycles of lipid content and 
. . . 
reproductive activity. Reproduction (e.g., de Vlaming 1972), growth (e.g., 
Shul'man 1974) and fattening (e.g., Shul'man 1974, Delahunty and de Vlaming 
1980) in temperate latitude fishes are seasonally cyclic. The seasonal 
accumulation of sufficient reserves may be a prerequisite for sexual maturity in 
some fishes. These seasonal rhythms are correlated with annual cycles of food 
availability (Nikolsky 1963; Van Rooij et a!. 1995). Factors such as temperature 
and day length are frequently used as advanced cues so that animals can make 
the necessary physiologi.cal preparations for reproduction (de Vlaming 1972). 
According to Shul'man (1974), fat supplies the major source of energy for 
7 
According to Shul'man (1974), fat supplies the major source of energy for 
gamete production in fishes. Furthermore, the reproductive cycle of many 
temperate latitude fishes is reflected by significant changes in the size of the 
gonads throughout the year. For example, in the northern Red Sea, the brown 
surgeonfish, Acanthurus nigrofuscus, deposits fats in a specific storage site 
located in close proximity to the developing gonads and increases total body 
condition only during the winter months, despite feeding throughout the longer 
days of spring, summer and fall (Fishelson et al. 1987; Montgomery et al. 1989). 
Lipid content has been shown to be directly related to fecundity in herring caught 
in the Gulf of Riga (Henderson and Almatar 1989). As well as being mobilized 
for energy production, lipid mobilized from reserves during the winter season just 
prior to spawning can serve as a constant source of energy for maturing gonads. 
For example, in the capelin, Mallotus villosus, approximately one third of the lipid 
mobilized from muscle reserves by females during winter can be accou.nted for 
by the lipid deposited in the developing gonads (Henderson et al. 1984). This is 
similar to other seasonal correlations of gonadal maturation and the liberation of 
lipid reserves and has been observed in the male Atlantic salmon, Salmo salar 
(Idler et al. 1971), plaice, Pleuronectes platessa (Wingfield and Grimm 1977), 
., 
striped mullet, Mugil cephalus (Dindo and MacGregor 1981) Gulf killifish, 
Fundulus grandis (MacGregor and Greeley 1983) and three-spined sticklebacks, 
Gasterosteus aculeatus (Huntingford et al. 2001). 
2.2 Description of A. bahianus and Acanthuridae: 
The surgeonfishes, family Acanthuridae, form a dominant element of the 
algivorous fish biomass on coral reefs all over the world. The Acanthurids are 
high-bodied, laterally compressed fishes with a lancet-like spine on the side of 
the caudal peduncle. In most of the species, the spine folds forward against the 
body and fits into a horizontal groove (Randall 1956). The Acanthurids live on 
coral reefs or rocky areas, and feed diumally on benthic algae and sea grasses. 
Although usually classified as herbivores, these fishes exhibit a variety of 
feeding pattems including detritus feeding on large gelatinous zooplankton 
(Jones 1968; Winterbottom and McLennan 1993; Clements and Choat 1995). 
The family Acanthuridae contains 6 genera and 75 species. Five species in a 
single genus, Acanthurus, occur in the Atlantic (Randall 1955a). Randall (1956) 
included the following species known from the Caribbean: 
Acanthurus coeruleus Bloch and Schneider 1801 . 
Acanthurus chirurgus Block 1787. 
Acanthurus bahianus Castelnau 1855. 
The other two Atlantic species are Acanthurus monroviae, which is known only 
in West Africa, and Acanthurus randal/i, a species found in the Gulf of Mexico 
(Briggs and Caldwell 1957). 
The surgeonfishes are circumtropical fishes but are apparently ab~ent 
from the Mediterranean (Reeson 1975). Most species are wide-ranging, 
probably due to a long pelagic larval life. Acanthuius coeruleus is known from 
New York and Bermuda to Brazil, including the Central American coast, the Gulf 
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Gulf of Mexico, Panama, Venezuela and Brazil. Acanthurus bahianus is found 
from New England to Bermuda to Brazil and has been recorded in Ascension 
and St. Helena (Figure 1). 
Figure 1. Range of Acanthurus bahianus (from www.species.fishindex.com). 
However, all of the specimens of these species found in extreme northern 
localities were juveniles or sub-adults, and their range extension probably 
resulted from the transport of larvae by the Gulf Stream (Randall 1956). 
Acanthurus bahianus, the species examined in this study, occurs in 
abundance on the inshore reefs directly off the coast of South Florida (Ferro 
2003). , 
2.3 Acanthurid Reproduction: 
The life history and behavior of various species of Acanthurids has been 
studied in nature by Randall (1961), Jones (1968), Barlow (1974), Robertson et 
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al. (1979), and Robertson (1983). As reported by Myrberg et al. (1988), 
Acanthurids can occur in groups of just a few to a several hundred individuals 
that aggregate daily in large schools to perform a highly ritualized and 
synchronized liberation of gametes,. known as mass spawning. Mass spawning 
refers to the ·simultaneous and synchronous spawning of the majority of the 
mating aggregation. The family Acanthuridae forms one of the most diagnostic 
assemblages of this mass spawning of fishes on coral reefs throughout the 
world. · .Robertson (1983) witnessed pulses of mass spawning by three Palauan 
species. of surgeonfish, and he suggested that this group spawning may reduce 
the rate of egg predation per group of spawners. 
. However, in general, the scientific literature accounts for only a few fairly 
rudimentary reports on the spawning behavior of these fIShes, prinCipally on 
Acanthurus triostegus, ZebrasOtna scopas and Ctenochaeatus striatus (Randall 
1961; Johannes 1978; Lobel 1978; Robertson et al. 1979;. Colin and, Clavijo 
1988). Robertson (1983) also observed the spawning behavior and spawning 
cycles of eight species of surgeonfishes from the Indo-Pacific. Myrberg et at 
(1988) described the spawning Acanthurus nigrofuscus in the Red Sea as 
extremely localized on the reef tract. Thousands of individuals moved' daily from 
their inshore foraging areas to highly confined spawning grounds (Myrberg et al. 
1988). Similar aggregations of A. nigrofuscus have also be.en observed by 
Roberston (1983) in the western Indian Ocean and in the western Pacific. Thus, 
throughout its extensive range - from the waters . of the Middle East to the 
western PacifIC - A. nigrofuscus apparently forms massive spawning 
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aggregations just offshore of the reef and near deeper water. Records of 
'simllarly sized aggregations of A. triostegus and C. striatus in the central Pacific 
suggest that massive spawning aggregations occur among numerous species of 
this family when warranted by local, environmental factors and population 
density. Domeier and Colin (1997), observed spawning of A. bahianus in Puerto 
Rico. The fish not only formed a resident, massive spawning aggregation of up to 
20,000 individuals but also formed smaller subgroup spawning and even pair 
spawning with the males holding small territories in close proximity to the 
aggregation site. Robertson (1983) reported that all sexually mature fish come 
together in a large swarm. Individuals appear to become highly agitated, yet not 
aggressive. Suddenly, they rise a few inches in the water and release their eggs 
and sperm after which they retum to the group below. The eggs of Acanthurids, 
like those of many of the Perciformes, are small, less than a millimeter in 
diameter. The eggs are pelagic, each containing a Single droplet ot. oil for 
. flotation. The eggs hatch in twenty-four hours, revealing small, translucent 
larvae. The newly hatched larvae are referred to as acronurus because they 
were once thought to represent a separate genus of fishes, the genus 
Acronurus. The acronurus are diamond-shaped and laterally compressed, with a 
head shaped like a triangle. It has large eyes and prominent pectoral fins (Figure 
2). 
12 
Figure 2. AcanthunJs bahianus larva (from www.fishbase.org). 
The dorsal fins, anal fins, and scales begin to develop when the acronurus 
reaches 2-6 mm in length. The characteristicacanthurid scalpel does not appear 
until the acronurus reaches about 13 mm in length. Late post-acronurus drift 
inshore, where they change into juveniles. Once the young begin eating, their 
diet consists mostly of eggs of other fish and small crustaceans. The acronurus 
lose their silver color and turn brown and their profiles become round. The 
prominent dorsal and anal spines that are characteristic to the acronurus reduce 
in size, while the scalpel gets bigger. From initiation to completion, the 
metamorphosis takes ' about a week, after which two-inch long juveniles settle 
onto the bottom of a suitable inshore habitat. Juveniles grow rapidly, attaining 
sexual maturity in as little as nine months. The adults can reach sizes of up to 35 
cm in length. 
According to Myrberg et al. (1988), the' single most impressive aspect of 
the spawning migration cif A. nigrofuscus in the Red Sea was the movement of 
the highly ordered "trains". ' Regardless of where one was observing on the ' reef 
tract, at the same time every day, lines of individuals were seen moving in a 
single file toward the fore-reef. The authors reported that these prespawning 
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formations certainly seem analogous to the prespawning "streams· of migrating 
A. nigrofuscus and A. triostegus observed by Robertson (1983). The difference 
between a train and a stream is that in the train aggregation the fish are single 
file and in the stream aggregation the fish are abreast of each other. Both 
authors reported that species-specific trains or streams occurred as well as 
trains or streams joining other conspecifics. I have observed similar behaVIOrs on 
my study site (Wolfe, unpublished data). 
2.4 Annual Variations in Energy Reserves: 
The role of resource allocation in life history evolution is most often 
viewed as a trinity of growth, maintenance and reproduction. The process of 
evolution is believed to select for the maximum allocation of resources to these 
three functions. A fourth, equally important option for resource allocation is 
storage, usually in the form of lipids. Storage is important because it represents a 
way for the organism to have a measure of independence from the environment 
(Reznick and Braun 1987). These reserves, important for growth and 
reproduction, are well documented in the literature. 
In Arctic cod, Gadus morhua for example, lipid and glycogen in the liver 
and white muscle, are depleted in the initial stages of starvation, with proteins in 
the carcass being mobilized after longer starvation (Black and Love 1986). In the 
female plaice, Pleuronectes platessa, (Dawson and Grimm 1980), and catfish, 
Heteropneustes follilis (Shreni 1980) marked depletion of body lipid and or 
glycogen occurs during gonadal development. In the Arctic capelin, Mallotus 
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vil/esus, approximately one third of the lipid mobilized from muscle reserves by 
females during winter can be accounted for by the lipid deposited in developing 
gonads (Henderson et aI.1984). The Baltic cod, Gadus morhua cal/arias, is a 
perfect example of synthetic processes. occurring in an organism. First, a period 
of otolith weight increase reflects protein and lipid synthesis, which occurs during 
the growth period of the individual (Morgan et -al. 2000). The second otolith 
weight increase occurs during resorption of the protein and, lipids of the body and 
liver and coincides .in time with the phase of intensive development of the gonads 
(Krivobok and Shatunovskiy 1976). Guillemot et at (1985) compared the 
seasonal' changes in visceral fat volume and gonad volume in five species of 
rockfish from the family Scorpanenidae. They found .that visceral , fat was 
deposited between .spring and fall, ·at the same time of gametogenesis. Visceral 
fat declined in volume between fall and spring,coinciding with the decline in the 
volume of the testes. and preceding the release of embryos in females. · They 
suggested that the increased feeding during the summer upwelling season 
provides the energy for simultaneous fat accumulation, gametogenesis and 
somatic growth. During subsequent seasons of presumed food shortage. these 
rockfishes utilize fat reserves for maintenance. 
The breeding season is a time of depletion of lipid and glycogen reserves 
from the liver and the carcass of female three-spined sticklebacks, Gasterosteus 
aculeatus (Wootton et al. 1978). Chellappa et al. (1989) studied the male and 
concluded that energy reserves in . the form of lipidS are accumulated during 
growth and gonad maturation but there is a drastic depletion of lipid, glycogen 
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and.' protein during the final develOpment of the gonads and before breeding 
activities. 
2.5 .Acanthurids and Fat Bodies: 
Fishelson et al. (1985) were the first to report a pair of fat bodies closely 
associated with the gonads in both males and females of nine species of 
surgeonfishesfrom the Red Sea. These fat bodies had not been previously 
described by taxonomists and scientists working on various surgeonfish species 
(Randall 1961) or by biologists working on their ecology and reproduction (Hiatt 
and Strasburg 1960; Jones 1968; Robertson et al. 1979). According to Fishelson 
et al. (1985), these structures are unusual because they are . retroperitoneal and 
, .. ,comprise an entirely pure complex of triacylglycerols. The paired fat bodies lie in 
triangular pockets extending behind the abdominal cavity, immediately dorsal to 
the anal fin base 'and between the lateral trunk musculature and dermal muscles 
investing the skin. ,Anteriorly, above the anal opening and immediately }ldjacent 
to the abdominal cavity;' the openings of these pocI<ets into the abdominal cavity 
, are separated from each other by the anterior pterygiophores of the anal fin. ' 
The fat bodies, which rest in these pockets, are triangular in shape. 
Anteriorly, highly developed fat bodies may extend out into the abdominal cavity 
and partially envelop the posterior portion of the gonad. Within the pocket, the fat 
bodies are free, except for a few filaments of the surrounding muscles. The 
broad, anterior, basal portion of the tat body presses against the postero-Iateral 
portion of the gonad, which is situated .at the posterior limit of the body cavity, but 
is separated· from it by the peritoneum lining the abdominal cavity. This basal 
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area of the fat body is thick and richly supplied with blood vessels, which 
penetrate through the peritoneum and into the gonad. Fishelson et al. (1985) 
provided these descriptions of the pockets and fat bodies and noted that they 
were consistent within the nine species of surgeonfish they examined. 
Another study by Montgomery and Galzin (1993) reported that lipids are 
stored in mesenteries surrounding the gut and in paired, retro-peritoneal fat 
bodies dorsal to the anal fin in at least 24 surgeonfish representing 5 genera 
(Acanthurus, Ctenochaetus, Nasa, Prionurus, Zebrasoma) from western Mexico, 
Hawaii, French Polynesia, the Great Barrier Reef and the Red Sea. In A. 
nigrofuscus from the Red Sea and C. striatus from French Polynesia, fat stores 
increased during cool seasons, several months before gonads developed, and 
decimed with the onset of gonadal development. Montgomery and Galzin (1993) 
reported that A. nigrofuscus deposits fat only during the winter months. This is 
surprising since the days of spring, summer and fall are longer and t~erefore 
there is more time in the day in which feeding can occur. They suggested one 
reason for this could be that the fish feed more heavily on green algae during 
winter when lipid-rich, epiphytic diatoms abound in the algal food diet of the fish. 
This lipid accumulation coincides directly with the onset of gonadal development 
and continues through to the spawning season. Fat stores continue to decline 
beyond the reproductive season until winter. In other words, energy and nutrients 
acquired during cool seasons with short feeding days appear to support 
reproductive events several months later, during the warm seasons, when 
feeding during the longer- days fails to meet physiological demands. A study by 
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· Phleger (1987), ' highlighted the importance of constant feeding by A. bahianus. 
He reported that most fish died after 2-3 days when held without food, and some 
died within 18-24 .hours. These fish became depleted of body fat during this short 
period of. time. Starvation in . these tropical fishes is much more rapid tnan in 
certain . temperate and sub arctic fishes. For example, Phleger et al. (1976) 
conducted a study on sheepsheadwrasses and noted that they died after 8 days 
of forced starvation stress, Patton et al. (1970) noted that when Pacific salmon of 
the genus Onchodlynchus entered freshwater they stopped eating and stayed 
alive. for weeks before finally dying after spawning. The very rapid death of A. 
bahianus may relate to the lack of seasonality in the tropiCS and the resultant 
year-round food availability. Temperate fish may be better equipped with energy 
reserve lipid to withstand seasonal periods of low food availability or lack of 
feeding during spawning. The low energy reserves in Acanthurids may be the 
reason these animals build a dedicated fat reserve for reproduction. 
2.6 Gonadosomatic Index (GSI): 
All of the aforementioned studies, dealing with fat stores and 
reproduction, utilized the gonadosomatic index (GSI) as a reproductive index. In 
most teleostean species, gonadal weight depends, in part, on body weight. A 
review of the scientific literature shows that one of the most common ways to 
account for the effect of body size on gonadal size has been to represent 
gonadal weight as a percentage of body weight. The GSI was first introduced by 
Meien in 1927 (Delahunty and de Vlaming 1980), and has been often used as 
an indicator of relative gonadal development or activity. GSI presumes a 
18 
constant mathematical relationship of gonadal weight to body weight over the 
range of -fish weights being sampled. In studies involving a variety of fish 
species, . Rutilus rutilus (Mann 1973), Esox lucius (Mann 1976), Centropristis 
striata (Wenner et al. 1986), Sillago ciliata (Gooddall et al. 1987), Diplodus 
sargus (Micale et aI.1987), and Diplodus puntazzo (Micale et al. 1996), the 
relationship betweel'l GSI and body weight was constant over a range of fish 
weights. Therefore, although GSI is not an accurate index of the metabolic stage 
of the. gametes, it is a legitimate expression of gross gonadal activity in fishy (de 
V~aming et al. 1982). 
_ 2;7 Age Determination TeChniques and Verification in Fish: 
Although numerous methods have been used to age fISheS, three general 
methods predominate. The' first is recovering marked fISh of a known age, which 
requires the capture, release and recapture of fish (Megalofonou et al. 1995). 
The second, called the Peterson method, involves comparison of, length-
frequency distributions of fish population samples (Ricker 1975). This method 
requires the measuring of the lengths of a large number of fish in a population 
and thi$ method is based on the supposition that the lengths of fish in a 
particular year-class will distribute normally around a mean. This method is most 
reliable for younger year classes because the.y are easier to sample; older fish 
grow in length more slowly, and variation among individuals tends to obscure 
variation between year classes (Westerheim and Ricker 1978). The third 
method involves measuring growth rings. Growth rings have been used to age 
fish for a long time. Calcified structures, which encode age information, are 
bones (tin ray, cleithra and opercular bones), scales and the otoliths. Annual 
rings in vertebrae were used to age ee.ls as long .ago as 1759 (Sturm and Salter 
1990). Scales were first used to age fish in 1888 (Carlander 1987). Otoliths have 
been used to age fish since Reibisch first observed annular ring formation in 
P/euronectes p/atessa in 1899 (Ricker 1975). 
2.8 Otoliths and Age Verification: 
Otoliths are . polycrystalline structures contained in the membranous 
endolymph~tic sac found in the labyrinth of the inne~ ear of teleost fishes. They 
are composed of calcium carbonate, usually . twlnned aragonite, which is 
crystallized onto a protein matrix similar in composition to keratin (Gauldie and 
Nelson 1988). The otoliths are the mechanir.;al components of the sound 
transduction mechanism responsible for hearing in fishes (Fay et al. 1983, 
Campana 1992; Campana and Neilson 1985). 
There are three pairs of otoliths that occur in teleost fISh (Figure 3. A. and 
B.): the sagittae, the lapilli and the asterisci. 
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Figure 3. A) Location of the otolith pairs 'within a generalized fish and B) Medial 
view of the inner ear (from Moyle and Cech 1988). 
It is generally accepted in the literature of age and growth studies that the 
term otolith is synonymous with sagitta. Primarily because, the majority of past 
work on aging by otolith has been done with the sagitta (Campana and Jones 
1992) as they are usually the largest and easiest otolith to remove in most 
teleosts. 
There are many reasons to choose otolith microstructure to determine age 
".< 
and growth. Otoliths are the first calcified structures that appear during early 
development of teleosts showing daily patterns and therefore they form a 
. I 
permanent record of life histQry events. Brothers et a\. (1976) noted that the rate 
of accretion on various parts of the otolith was proportional to the concentration 
of adjacent macular cells. They also demonstrated that the rate of calcium 
21 
deposition on .goldfish (Carassius auratus) otoliths slowed around sunrise, 
possibly as a result of reduced macular secretion. This circadian rhythm of 
calcium deposition is almost certainly under endocrinological control (Pedro 
1984; Molony and Sheaves 1998). Otoliths are also extremely reliable structures 
for age studies as they continue to grow under conditions of food deprivation 
(Marshal and Parker 1982; Neilson and Geen 1986; Secor et al. 1991 ;Campana 
1992). Fish stressed by exertion or by exposure to low pH (Geen et al. 1985) do 
not shoW evidence of otolith resorption. Finally, the fact that otolith size reflects 
fish size'so closely serves to underscore its utility for growth studies. 
A prerequisite of otolith age determination in each species is the validation 
of the periodicity of otolith increments (Beamish and Mcfarlane 1983). Attempts 
to validate age interpretation.s based on otoliths have usually relied on one of two 
general kinds . of procedures. The first of these is time-marking otoliths. Time-
marking may involve either introducing time signals into the otoJith like 
tetracycline or other dyes (Tsukamoto 1988), or by knowing the exact age of the 
fish and thus the time of growth of the whole otolith. The second procedure has 
been to tag fish and reconstruct a length-at-time curve from the changes in 
lengths over changes in time. This length-at-age and length-at-time are 
equivalent measures only in fis,h with linear growth curves (Francis 1988). The 
difficulties in validating age interpretations arise from the fact that otoliths are 
complex organs. Structures interpreted as age marks can only arise from time-
dependent changes in the physiological processes . that determine the size and 
shape of the otolith. These processes must involve the organic and inorganic 
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chemistries of otoliths during the growth of the otolith (Francis 1990). Therefore, 
the interpretation of information derived from otoliths, ranging from shape to age 
marks, is contingent on an adequate theory of otolith growth (Campana 1992). 
2.9 Incremental Growth of Otoliths~ 
An accurate interpretation of microstructural growth pattems in wild fishes 
requires knowledge of those factors that may affect the production of one 
increment per· day. Environmental and physiological variables all of which may 
fluctuate cyclically have the potential to influence otolith deposition (Wilson and 
McCormiCk·1999). 
In order to form amin'eraliZed tisslie, an organism must be able to control 
the precipitatiOn process. There are ii, number of conditions that must be met in 
order to allow the biological precipitation of carbonate. The organism must first 
partition an area Within its body where precipitation can be isolated and 
controlled. Various mechanismi;l can be' uSed to control the compositio!" of the 
flUid fn thiS arEta. 'Ehzymescan be' ti~'ed to add or remove different chemical 
species. The cOmpOsition ' of ' the fluid does not allow for the spontaneous 
'precipitation of carbonate ' and therefore ttie organism must also lay down an 
, organic lemplate (matriX) to provide nucleation sites for preCipitation. Selective 
precipitation can then occur on particular siteS 'bn the matrix controlling the final 
form of the mineralized tissue (Zhang and Runham 1989). 
In the particular case of otoliths, the area for precipitation is th.e inner ear. 
This area is completely isolated from the environment and the rest of the fish. 
The fluid of the inner ear is called endolymph and it is from this fluid that the 
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otoliths are precipitated. Studies of otoliths from different types of fish have 
found that they are composed of the aragonite form of calcium carbonate 
(Stevenson and Campana 1992). The organic matrix component is known as 
otolin. This matrix has been found to have a high abundance of acidic amino 
acids and has essentially the same chemical composition for all fish (Watabe et 
al. 1982; Campana 1992). The matrix usually composes 0.2 to 10% of the otolith 
by weight. Otoliths are usually composed of the aragonite morph of calcium 
carbonate in its twinned form deposited on the organic matrix. (Gauldie and 
Nelson 1988; Nobuaki et al. 1995; Dove et al. 1996). The shape of the otolith is 
determined by the interaction of the organic and inorganic components of the 
otolith, the protein matrix, and the calcium crystals. The very central portion of 
the otolith is known as the kemel or primordium. This represents the earliest 
phase of calcification. In cod, the initial precipitation of the otolith has been found 
to occur during the embryonic stage just before eye pigmentation (Radtke 1985) . 
. ' 
The kernel along with the first opaque ring constitutes the nucleus of the otolith. 
Aragonite needles grow perpendicularly to the growth increments. Some are 
truncated at the discontinuous zones while others are continuous between the 
layers (Watabe et al. 1982; Gauldieet al. 1985). Thin section examination 
reveals that otoliths hav~ a detailed microstructure conSisting of bands of opaque 
and translucent material at various scales. There is a distinct difference in the 
two types of bands that form in tropical fish. The terminology in the literature for 
the banding can be confusing and misleading becal,lse close attention must be 
paid to which type of microscopic light is used to view the samples. The 
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appearance of structures used to age fish will vary under different illumination 
methods. Transmitted light (light from below passed upward through the section) 
will produce opposite contrasts in the observed ring patterns than that of 
reflected light (light from above). In this study, terminology was based on that 
recommended in Secor (1995). The term "opaque zone" refers to the area that 
appeared milky under refiected light or dark under transmitted light (Figure 4). 
Figure 4. Sectioned sagitta otolith from Acanthurus bahianus 
The factors affecting otolith growth are variable such as photoperiod, 
seasonal temperature cycles, wet and dry o~eason fluctuations, feeding, growth, 
reproductive cycles and endogenous circadian rhythms. These may all fluctuate 
cyclically and all have the potential to affect otolith deposition. The literature 
reveals many suggestions of zone formation timing. Prior to the daily increment 
techniques, counting annuli was not useful in estimating the age of young fish that 
had not yet formed their first annulus or for tropical fish for which growth was more 
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constant and annulus formation was less .certain. · Daily increment techniques 
solved these problems by permitting the estimation of daily age. The daily 
increment techniqIJe, , W;;lS dElveloped in the early 1970's and has gained wide 
acceptance during. the last ~hirty years. Pannella (1971) obsef',!ed approximately 
360.fine increments between. otolith cannuliof t~r;nperate water . fish. These 
incre!1lents were postulated to be daily changes in th~ microstru.cture of the otolith 
that resulted from the daily accretion of Jayers. These layers of increments are 
" .,. , . "' . ... , . . . _. . ~ - , 
visible in sec::tioned. otolith ,as concel)tric rings, whiSh can be enumerated and can 
pr9vide ~tima~es of the age oftelTl~ra:te an" tropical fishes (Pannella 1974; 
Campana and Neilson 1985; Jones 1986; . TooJe~et al..1999). 
Suggestions on zone formation timing ·include,a ·study by Lecomte-Finiger 
(1992),. which .showed the translucent zone was formed during a high deposition of 
calcium·carbonate during rapid growth. On the other hand, Pannella (1980) showed 
that the winter slow down. in the rate of calcification 'formed translucent Zones that 
he called "winter zones". , A sttJdy by Radtke and Hourigan (1990) showed the 
deposition of opaque regions was'due to a decrease in 'daily increments widths due 
to the seasonal decrease in metabolism, since during the winter, the temperature 
·decreases . . Furthermore; Beckman and Wilson (1995) reviewed a total of 104 
. studies and found a general pattern of concurrent seasonal formation of the 
. opaque zone in species .occupyingthe same general .geographic locations. In both 
the northem and. southern hemispheres they report that the opaque zone 
deposition occurs during.the spring and summer months, However, to date, there 
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has been no consistent correlation between any single environmental stimulus and 
specific zone formation (Beckman and Wilson, 1995). 
2.10 Otoliths and Acanthurids: 
On the assumption that growth increments in otoliths are deposited on a 
regular daily basis, Brothers et al. (1983) estimated the age and growth of larval 
and juvenile acanthurids on the Great Barrier Reef. Lou and Moltschaniwskyj 
(1992) examined otolith microstructure of eight different species of Acanthurids. 
Growth increments on the lal?illi wet:e validated by te!racycline marking. All 
species examined deposited growth increments on a daily basis. Choat and Axe 
. . 
(1996) observed increments in the sagittal otoliths from 10 species of Acanthurid 
fIShes from eastern Australian coral reefs. SystematiC increments consisting of 
alternating bands of opaque and translucent bands were obserJed in the 
sectioned sagittae of ali 10 species. Regression numbers of increments on 
sagittal weights revealed consistent linear relationships between these variables 
.' . . . . . 
in all species examined indicating continuous growth in sagittal thickness over 
the life span. Therefore, according to their study, acanthurid fishes from eastern 
Australia appear to have consistent pattems of growth and longevity despite 
marked differences in asymptotic size, ~iet and mode of life (Choat and 
Robertson 2002). According to Choat and Robiilrtson (2002), Acanthurids in the 
tropical Atlantic, especially in the Caribbean, are relatively short-lived compared 
to their Pacific counterparts. One other difference is that the otoliths of the 
Atlanti.c species tend to be thicker than the otoliths of the Pacific species. 
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2.11 Growth Modeling (Relating Length and Age): 
Weatherly (1972) posits that fish growth can be divided into at least four 
stages: larval (rapid changes in both body size and shape; i.e. allometric growth), 
juvenile (rapid growth in a proportional manner, i.e., isometric growth), adult 
(primary resource allocation towards gonadal growth in lieu of somatic growth), 
and senescence (maintenance only without growth or reproduction). 
Growth models for larval fish typically rely on daily changes, determined 
by examining otolith microstructure. Models used in fisheries management are 
usually based on age in years and generally focus on the juvenile and adult 
stages (Campana and Jones 1992). 
In theory, a growth model describes the relationship between size and 
age over the lifetime of an individual fish. One way of obtaining information about 
the growth history of an individual fish is to use an estimated size at age, based 
on back calculation using bony structures such as scales or otoliths. Although 
there are potential biases in using back-calculated sizes, this approach makes it 
possible to examine variability among individuals in growth rate or maximum 
size. For fishery management purposes, most growth models are based on 
pooled size and age data for many individuals (Campana 2001). 
Probably the most commonly used model to relate size and age is the 
von Bertalanffy growth curve (VBGC). The VBGC models individual fISh as a 
function of time. The growth of many fISh species has shown to conform to this 
growth model. This model is widely used for fishes, but is also used for crustacea 
and molluscs. According to Cerrato (1990), a theoretical advantage is that the 
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model is based on the underlying . biological processes of catabolism and 
anabolism. 
The basic model has these parameters: 
It = length at time t, where t is generally given in years 
Linf = maximum length at maximum age (solved. for maximum age in this 
study) . 
- .' . . 
k= Brody growth coefficient, or the rate at which Linf is aChieved. It is not a 
. 9fClwth rate, bl,lt rather a measure of the rate at which the growth rate 
declines 
to= theoretical age at which the fish has zero length, assuming that the 
fish always grows according to the pattem described by the model 
(Ricker 1975). . 
2.12 Experimental Design 
To achieve the objectives of this study to determine the annual cycles of 
lipogenesis and the age and growth of Acanihuros bahianus, it was necessary to 
. 
measure the fat body somatic and gonosomatic index, formulate a growth curve 
model in addition to examine the otoliths . 
3. Materials and Methods: 
3.1 Introduction 
From November 1993 to October 1995, a total of 507 Acanthuros 
.; 
bahianus were studied. In order to assess a correlation of the annual cycle of 
lipogenesis and reproductive timing, as well as the inshore spawning period, an 
average of 21 A. bahianus per month were examined for a total of 23 months. 
Fish where the sex could not be determined were recorded as "unknown" and 
were not used in further analyses. Furthermore, there were several instances in 
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which sex was determined but the gonad was destroyed in the capturing process 
(i.e. speared through the gonad). Those fish were sexed but were not used in the 
statistical analyses. 
3.2 Description of Study Site: 
Water temperature at the study site was estimated by accessing archived 
daily data from Southeastern Florida Satellite Imagery, daily sea surface 
temperature (SST) from the Institute for Marine Remote Sensing (IMaRS) 
Oceanic Atlas of the Gulf of Mexico. 
The study area was located on the second reet off of the east coast of 
South Florida between 26 04 56.33 N, 800543.85 Wand 26 04 13.05 N, 8005 
46.64 W (Figure 5). The second reef is one kilometer from shore at a depth of 9 -
12 meters. 
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Figure 5. Map of study area. Study was :oncentrated in Broward County, 
Southeast Florida. 
3.3 Sampling: 
Beginning in November of 1993, a minimum of 20 A. bahianus were 
collected every month until October of 1995. The fish were collected by pole-
spear using SCUBA. Dives were made from the vessel Panacea, a Phoenix 29 
sPort-fishing boat. Immediately following the dives, the fish were assigned a 
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unique identification number; for example 119382, this fish was caught in 
November of 1993 and was surgeonfish number two of that month. Directly 
following collection, the fish were taken back to the laboratory at Nova 
Southeastern Oceanographic Center for somatic measurements (Figure 6). 
Figure 6. Collected Acanthurus bahianus being processed for somatic 
measurements. 
... 
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3.4 Data Recorded: 
The fish were patted dry with toweling, weighed to the nearest 0.01g 
(Figure 7) and the standard length in centimeters was measured. 
Figure 7. Weighing of Acanthurus bahianus. 
Since sexual dimorphism was not apparent in A. bahianus, the sex was 
assessed and recorded only after dissection (Figure 8). 
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Figure 8. Post-mortem sex determination of Acanthurus bahianus . 
After an observation of the state of maturity, the gonads were removed 
and individually weighed to the nearest 0.0001g. The paired fat bodies were also 
removed and weighed to the nearest 0.0001g. The gonads and fat boqies were 
preserved in Bouin's Fixative (15 part picric aCid, saturated aqueous solution, to 
5 part formalin to 1 part glacial acetic acid.) The gonads and fat bodies were 
stored for possible future reference. The head of the fish was removed, placed in 
a plastic bag that was labeled with the identification number, and then frozen. 
The rest of the carcass was discarded. 
3.5 Otolith Removal: 
Because non-neutralized formalin decalcifies otoliths, fresh or frozen 
specimens are the best for otolith studies. The frozen fish heads were thawed in 
preparation for the removal of the otoliths. For the sagittae otolith removal, the 
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method which best permits a vieW of the anatomical position within the vestibular 
apparatus is the "right between the eyes methoo" (Secor et al. 1991). FollOwing 
this method, a crania-caudal mid-sagittal cut from the snout to a position 
posterior to the occipital bone (operculum) was made. The brain halves were 
removed exposing the otoliths, which were then removed using forceps. The 
otoliths were assigned a unique identification number and were dried and stored 
for sectioning at a later ~,ate: 
3.6 Otolith Sectioning: 
Otolith sectioning took place at the National Marine Fisheries Service 
(NMFS), Southeast Regional Office (SERO) in St. Petersburg, Florida. Since 
. 
both otoliths were removed and stored, one otolith, (the right one), was sectioned 
while the left one was kept intact for future reference. The overall aim of otolith 
sectioning was to prepare a thin section through the otolith. It was important to 
determine the best plane to cut the otoliths and to always do this in a consistent 
manner. Several sectioning planes are posSible (Figure '9). For the sagittae 
otoliths of A. bahianus, a transverse section method was chosen. 
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Figure 9. The three types of sectioning planes for otoliths. For Acanthurus 
bahianus, the transverse method was used (from Secor 1995). 
The right otolith needed to be secured to a glass microscopic slide. 
Thermoplastic Cement (Buehler, Lake Bluff, IL) in the bar form was the mounting 
media. A Coming hot plate (Corning Enterprises, Coming, NY) was used to melt 
the Thermoplastic. Curved forceps were used to attach the right otolith to the 
middle of the slide with the Thermoplastic (Figure 10). 
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Figure 10. Mounting of otoliths to the slide in preparation for sectioning. 
The mounted otolith and slide were then place on a Buehler Isomet low 
speed saw (Buehler) (Figure 11). 
Figure 11. The Buehler Isomet saw used to section the Acanthurus 
bahianus' sagittae otoliths. 
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The saw has variable speeds and the accuracy of the micrometer arm allows for 
clean and precise sections. In order to ensure the otolith core was sectioned, 
four transverse sections of 0.5 mm were cut per otolith. Each section then was 
removed from the well of the saw and was washed in isopropyl alcohol and then 
dried on a paper towel. The four tiny otolith sections were arranged in a 
consistent pattern on a frosted glass slide and were then secured to the slide via 
Histomount mounting solution (Fisher Scientific, Pittsburgh, PA). Each slide was 
labeled with the fish identification number, placed on a slide tray, and allowed to 
completely dry for 24 hours. 
3.7 Otolith Examination: 
The otolith sections were viewed through a compound microscope using 
tramlmitted light. Differentiation of the bands was best at a magnification from 
25X to 40X. Counting of the opaque and translucent bands together as an 
annual unit determined the age of the fish. To ensure validity, a second reader 
also independently counted the bands. Any otolith in which there was a 
discrepancy between the readers was not used in the final data tabulations. 
Digital images were taken though the microscope ,under the same magnification 
(25X) , so that the images could be analyzed by SCION IMAGE (Scion Corp. 
Frederick, MD), an acquisition and analYSis spftware. Spatial calibration was 
done to supply SCION IMAGE with a scale for establishing a size relationship for 
objects in the image frame. 
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3.8 Marginal Increment Analysis: 
In order to determine the otolith's annulus formation the marginal 
increment analysis (MIA) was calculated for each monthly sample. The annulus 
is the opaque growth zone that forms once a year apparently representing a time 
of slower growth. Annual deposition of the opaque ring is commonly validated by 
MIA (Sturm and Salter 1990; Franks et al. 1999; Thompson et al. 1999; Utagawa 
and Taniuchi 1999). Examination of the otolith edge condition for multiple fISh 
captured over a time continuum (typically monthly) reveals the timing of the 
formation of the last opaque ring. These data are often presented as the 
monthly mean distance from the proximal edge of the last visible opaque ring to 
the margin of the otolith. This is accomplished by measuring the distal opaque 
ring and dividing that value by the completed proximal before it to obtain a 
percent of the entire otolith. Lowest monthly values of marginal increments 
observed during a calendar year reveal the timing of opaque ring deposition. 
Hence, estimates of the periodicity of annulus formation, and the ageing was 
validated by using MIA. As recommended by Beamish and McFarlane (1983), all 
age classes were included in the analysis. Measurements for the MIA were 
made in the ventral lobe of the magnified section (40x) by using a digital imaging 
system. Distances were measured ventrally from the sulcus along an axis 
passing through the center of the lobe and extending from the otolith's core to 
the outer margin of the section. The distance from the proximal edge of the 
ultimate annulus to the otolith's margin (the marginal increment) was expressed 
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as a percentage of the distance between the proximal edges of the last two 
annuli formed on the otolith. There is some controversy in the reliance of MIA for 
aging of otoliths, but it remains the most common method in current research 
and is well suited for determining season of the opaque zone formation 
(Campana 2001). 
Because MIA is difficult in Acanthurids (J.H. Choat, personal 
correspondence), I also examined the percent of otoliths from all sectioned 
samples, in which the free margin was of the opaque condition. 
3.9 Statistical Analysis: 
The von Bertalanffy growth equation (see section 2.11) was used to 
directly convert age estimated from the band counts and measured the standard 
lengths in total of the fish. The data was analyzed with the use of SIMPLY 
GROWTH, a computer software program that fits growth curves to either length 
and/or weight at age or incremental length or weight data. For classed data using 
the von Bertalanffy model, the software estimates parameters by non-linear 
regression using the Levenberg-Marquardt method. 
The weight of the gonad relative to the body weight; the gonadosomatic 
index (GSI) was calculated using the formula: 
GSI = weight of gonad , X 100 
weight of fish - weight of gonad 
The weight of the fat bodies relative to the body weight of the fish; the fat 
body somatic index (FBSI) was calculated using the formula: 
FBSI = weight of fat body X 100 
weight of fish - weight of fat body 
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The resLilting data were analyzed with standard analysis of variance 
techniques (ANOVA) using Statistica software (Stat Soft Inc. Tulsa, OK). GSI 
and FBSI were not normally distributed and were transformed with arcsine 
transformations prior to analysis. If significant differences were found among 
months; a post-hoc Student Newman Keuls (SNK) test was uSed to find 
significant differences betwe~n means. A p value of <0.05 in both ANOVA and 
~. . 
SNK was accepted as a significant difference. 
4. Results: 
4.1 Water Temperature: 
The sea surface water temperature (SST) during the months the animals 
wereeolfected exhibited the expected cyclicity, with highest temperatures from 
May to October (mean = 24.65DC ± 1.73 standard error of the mean (SEM» 
(Figure12). 
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Figure 12. Monthly mean (± 1 SEM) sea surface temperature on the 
study site (P<f).05, ANOVA). 
4.2 Age and Growth: 
From November 1993 to October 1995 a total of 507 fish were collected. 
The fish ranged in size from 70 to 210mm total standard length (SL) (13~mm ± 
1.64 SEM) and from 60 to 440g total weight (TW) (117g ± 0.375 SEM). Of all of 
the fish collected, 214 were males ranging from 109 to 195mm SL (143mm ± 
1.49 SEM) and 48 to 290g TW (128g ± 0.339g SEM). The 261 females ranged in 
, 
size from 70 to 210mm SL (135mm ± 1.62 SEM) and 16 to 440g TW 
(110g ± 0.378 SEM). ., 
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Sectioned sagittae revealed consistent and regular distributions of 
annuli each composed of a translucent and an opaque zone (Figw·e 13). 
Figure 13. Sectioned sagitta otolith from Acanthurus bahianus. 
A total of 401 fish otoliths were examined for age analysis. There was not a 
-significant difference in age estimation between the differing readers of the right 
otolith (T- test p = 0.9063). The estimated ages ranged from 0-18 years. The von 
Bertalanffy growth curve was fitted to SL for all aged A. bahianus. There were 
overlapping confidence intervals for both the growth coefficient (k) and age at 
maximum length (L infinity) between males and female growth curves (Figures 
,J 
14 and 15) indicating they were not significantly different. The fish grew rapidly 
until about age 6 and then the growth slowed considerably. Most of the fish aged 
were less than 10 years old (Figure 16 ). However, older fish were collected with 
the oldest fish being an 18 year-old male (190 mm TL). 
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Figure 14. von Bertalanffy growth curve for male Acanthurus bahianus (n=224). 
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Figure 15. von Bertalanffy growth curve for female Acanthurus bahianus 
(n=254). 
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Figure 16. von Bertalanffy growth curve for both male and female Acanthurus 
bahianus (n=478). 
Months 
Figure 17. Percent of otoliths with clearly visible opaque margin 
(n=x 3 - 12 per month). 
The translucent and opaque zones of each annulus were 
approximately equal (45 and 55% respectively). Opaque zone formation timing 
was .determined by a predominance of opaque marginal edges. Based upon this 
method, the opaque zone formation was apparently initiated in late spring (May) 
and ended in late summer (September) (Figure 17). MIA of this interpretation is 
supported by MIA of otoliths where the free edge could be unambiguously read 
(Figure 18). 
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'. Figure 18. Marginal Increment Analysis of selected otoliths throughout the study 
period 1993 -1995 (bars represent x=1-3 otoliths). 
4.3 Gonadal Development: 
There was a significant difference in GSI for· both sexes among months 
(P·<C.05. ANOVA). For A. bahianus males, the testes began to increase in 
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weight in September with a rapid increase in October. The increase continued 
through February when the GSI reached the heaviest weight (4.97g ± 0.563 
SEM) in 1994 and (6.20g ± 0.893 SEM) in 1995. Following reproduction, the GSI 
declined drastically in March, and' reached the lowest levels in June 0.153g (± 
0.0355 SEM) in 1994 and .171g (± 0.042 SEM) in 1995. (See appendix for the 
SNK values for interpreting the differences amongst individual months). 
For A. bahianus females, the ovaries began to increase in weight in 
September continuing through February when the GSI reached the highest 
levels of 3.04g (± 0.260 SEM) in 1994 and 3.12g (±0.306 SEM) in 1995. (See 
appendix for the SNK values for interpreting the differences amongst the 
mo·nths). 
4.4 Fat Body Development: 
Male fat bodies reached their heaviest weights in August through October 
0.348g (± 0.104 SEM) in August 1994 and 0.585g (± 0.131 SEM) in September 
1995. Female FBSI reached their highest levels at the same time as that of the 
males 0.323g (± 0.036 SEM) in September 1994 and 0.624g (± 0.158 SEM) in 
October 1995. (See appendix for the SNK values for interpreting the differences 
amongst individual months). 
5. Discussion: 
5.1 Age and Growth: 
This study supports the conclusion of Choat and Axe (1996) that 
Acanthurids show clearly defined increments in transverse sections of their 
otoliths. Prior stUdies (Lou 1993; Choat and Axe 1996) have validated that the 
p.eriodicity of increments is annual. A number of reef fish taxa (including 
Acanthurids) display distinctive characteristics for age specific growth patterns 
(Mason and Manooch 1985; Hood and Schlieder 1992; Lou 1993; Conand et al. 
1995; Choat and Axe 1996; Dove 1996; Shirripa and Burns 1997). Young fish 
grow rapidly until they reach maturity, then abruptly reduce.in somatic growth. 
This results in a highly characteristic ·square" growth curve with numerous age 
classes accumulating in a few size classes. A. bahianus is a relatively short-
lived species (compared to the Pacific Acanthurids, which can exceed 30 years) 
with rapid initial growth resulting in asymptotic size being achieved early in life. 
The most rapid growth occurred during the first two years of life. Beyond the 
sixth year, growth declined sharply, resulting in an extended period over which 
little change in size occurred. 
Furthermore, it was estimated for A. bahianus in South Florida, that the 
opaque zone formation was initiated in late spring (May) and ended in late 
, 
summer (September). This concurs with findings of Fowler et al. (1995), 
Beckman and Wilson (1995) and Choat et al (2003) which indicated that tropical 
and subtropical coral reef fishes in the northern hemisphere begin their opaque 
zone formation in the spring and summer. 
Out of 478 aged fish, the estimates of the von Bertalanffy growth model 
show no significant differences between male and female growth models. The 
von Bertalannfy longevity estimate was 17.79 (the oldest animal, in this study 
according to annuli count, was an 18 year old male.) This longevity estimate falls 
mid-range of the longevity estimates (10-31 years) reported by Choat and 
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Robertson (2002) for five populations of A. bahianus, collected from different 
sites within the tropical Atlantic region. Choat and Robertson (2002) reported that 
maximum age for A. bahianus was correlated with mean annual sea 
temperature. Plotting the mean estimated sea temperature in this study on their 
regression line results in a maximum age estimate of 19 years (Figure 19) 
compared to the VBGC estimate of 17.79 in this study. Therefore, the two 
studies support one another regarding water temperature and maximum size. 
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Figure 19, Relationship between estimates of maximum age and average annual 
sea surface temperature for population of of Acanthurus bahianus sampled by 
Choat and Robertson (2002) compared with the average sea surface 
temperature at this study site (24.65 0C) and projected maximum age (19 years). 
However, there may also be other interacting variables, such as photoperiod. For 
example, in the Choat and Robertson (2002) study, the South Atlantic A 
bahianus had a larger maximum size than the North Atlantic fish. The interaction 
of photoperiod with water temperature' in affecting growth and reproductive 
cycles in fishes is well established (Spieler et al. 1977). Thus, the issue of 
maximum age achieved by this species in nature might better be resolved by 
sampling over an extended latitudinal range to compare the northern most extent 
of the range (Le. Bermuda 32.5° N) to sites nearer the equator (Le. French 
Guiana at 5° N). 
50 
5.2 Gonads: 
The annual cycles of the gonadosomatic index of A. bahianus over the 23 
month time period of this study clearly show the substantial difference in 
energetic . input into reproductive tissue between the male and female A. 
bahianus as well as highlighting ' the annual spawning characteristics of this 
species. The onset of growth (September) of the male gonad (Figure 20) is 
simultaneous to that of the female GSI (Figure 21). The high indices of both 
female and male gonads continue until after March and then decline to reach the 
nadir of the cycle in June, July and August, and this in tum, is followed by a 
steady increase in the GSI from September through its peak in February 
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Figure 20. Gonadosomatic index for male Acanthuros bahianus. 
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Figure 22. Gonadosomatic indices for male and female Acanthurus 
bahianus. 
Thus, the apparent peak of reproduction of A. bahianus in Broward 
County occurs in February through March. This period falls within a spawning 
interval for A. bahianus (December - March) reported by Colin and Clavijo (1988) 
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in Puerto Rico. The spawning interval in South Florida apparently starts later 
than Puerto Rico, as the gonads appear to be stiH recrudescing in December and 
January. The reason for the difference in timing between the two populations is 
unclear. However, similar differences in reproductive timing have been noted 
amongst other coral reef fishes (Robertson 1991). Furthermore, as expected. the 
:: occurance of reproductive timing · coincides in both male and female A. bahianus 
(Figure 22). 
5.3 Fat Bodies: 
The FBSI cycle in A. bahianus shows the direct association of the fat 
bodies to the development of the gonad. The fat body in males (Figure 23) and 
females (Figure 24) disappeared in February and March and became 
measurable again in April. The fat bodies of both males and females obtained 
their heaviest weight in September. This corresponds directly , to the onset of 
gonadai development in September and the end of the spawning period in April. 
, 
Apparently, the fat bodies play an essential role in resource allocation necessary 
for spawning in this Acanthurid as 'in others. The inverse relationship between 
the FBSI and the GSI of both males and females (Figure 25 and 26) supports the 
previous finding by Fishelscn et al. (1987), Their work on A. nigrofusclls 
described an accumulation of fat and subsequent recrudescence of gondal 
activity. 
There appears to be a direct correlation between the annual cycle of sea 
surface temperatures (SST) in southeastern Florida waters to the development 
of the fat bodies in both male and female A. bahianus. The SST on the study site 
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(which were assumed to reflect water temperature change at depth) begins to 
drop in January with a temperature low in February and March. During this same 
time both the male and female fat bodies atrophy to become macroscopically 
undetectable and hence immeasurable. Conversely, as the SST rise and reach 
the warmest temperatures in July and August, so too do the fat bodies begin to 
hypertrophy reaching their heaviest weights in August and September. However, 
this correlation requires experimental evidence to determine if it represents a 
casual relationship. 
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Figure 23. Fat body somatic index for male Acanthurus bahianus. 
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In summary, this thesiS work represents a comprehensive study of age. 
growth and reproductive timing of A bahianus in the waters off of southeastern 
Florida. It is of basic scientific interest because the knowledge of the longevity of 
a stock of fish adds to the growing body of ecological information regarding the 
species. From an applied viewpoint. studies such as this one provide vital 
information to the successful management of a fish stock and may contribute to 
the commercial management of A. bahianus. Information on a species' longevity. 
growth rate and reproductive timing allows scientists to establish the age 
composition of a population and thereby make decisions based on mortality. 
recruitment and reproduction enabling them to assign catch quotas accordingly. 
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Currently, this fish is of minor commercial value, but it is occasionally used as 
bait and in the aquarium trade. However, a congener, Acanthurus chirurgus, is a 
food fish throughout the Caribbean region and as other fish stocks decline, more 
pressure could be put on A. bahianus. 
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Table 8. Student-Newman-Keuls Test ArcSin for FBSI 
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Table 9. Student-Newman-Keuis Test Male and Female Means Comparisons 
Newman-Keuls test; variable LENGTH 
Homogenous Groups,alpha = .05000 
Error: Between MS = 2.4353, df = 472.00 
SEX LENGTH 1 2 
Mean 
F 13.46897 **** 
M 14.29718 
Newman-Keuls test; variable WEIGHT 
Homogenous Groups, alpha = .05000 
Error: Between MS", 1292.3, df'" 4n.OO 
SEX WEIGHT 1 2 
Mean 
F110.6628 •••• 
M 127.5540 .... 
test; variable 
Groups, alphl! = .05000 
MS=6.0561 
Newman-Keuls test; variable FAT BODY WT 
Homogenous Groups, alpha = .05000 
Error. Between MS = .03264, df = 472:00 
SEX FAT BODY WT 1 
Mean 
F 0.138620 .... 
M 0.151716 .... 
78 
Newman-Keuls test; variable asln GSI 
Homogenous Groups, alpha = .05000 
Er:ror; Between MS = .00032, df = 4n.OO 
SEX asinGSI 1 2 
Mean 
F 0.011587 
-
M 0.023375 .... 
.- .,. 
Newman-Keuls test; variable FBSI 
Homogenous Groups, alpha = .05000 
, 
Error: Between MS = .02912, df = 472.00 
SEX FBSI 1 , 
Mean 
M 0.122344 .... 
F 0.125763 .... 
Newman-Keuls test; variable asin FBSI 
Homo9l'lnous Groups, alpha = .05000 
ElT!lr: Between MS = .00000, df = 472.00 
SEX asln FBSI 1 
Mean 
.M 0.001223 .... 
F 0.001256 **** 
Table 10. Descriptive Statistics 
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Table 11. Raw Data 
MONTH FISH # LENGTH WEIGHT I SEX GONADWT FAT BODYWT AGE GSI · 
Nov-93 82 11.6 70 F 0.2787 0.0851 0.39814 
Nov-93 87 12.7 90 F 1.6229 0.0693 . 1.80322 
Nov-93 811 14.9 150 F 1..1264 0.2702 0.75093 
Nov-S3 812 11.8 84 F 1.5862 0.1659 2 1.888~3 
Nov-93 817 10.8 68 F 0.1277 0 0.18779 
Nov-93 819 13.4 116 F 1.5638 0.0638 1.3481 
Nov-93 822 11.5 88 F 0.8981 0.3388 1.02057 
Nov-93 828 12.9 112 F 0.9969 0.1027 0.89009 
Dec-93 83 13.5 110 F 1.6982 0.9924 5 1.54382 
Dec-93 85 12.7 100 F 2.112 0.071 5 2.112 
Dec-93 S6 10.8 66 F 0.692 0.0169 1.04848 
Dec-93 88 12.5 112 F 1.7739 0.1411 1.58384 
Dec-93 89 14.9 164 F 3.143 0.2555 6 1.91646 
Dec-93 811 12.5 100 F 1.9247 0.08 6 1.9247 
Dec-93 812 21 440 F . 5.822 0.0359 12 1.32318 
Dec-93 813 11.3 66 F 0.9367 0.0744 1.41924 
Dec-93 815 10.5 60 F 0 0 0 
Dec-93 816 12.6 92 F 1.8027 0.0667 5 1.95946 
Dec-93 820 13.5 124 F 3.6142 0.0512 42.91468 
Dec-93 822 13.4 110 F 1.2049 0.0613 61 .09536 
Dec-93 823 10.7 60 F 0.0798 0.028 0.133 
Dec-93 824 13.9 124 F 0 0 · 0 
Dec-93 828 13.5 115 F 1.8473 0.0595 7 1.60635 
Jan-94 83 11 54 F 0 0 8 0 
Jan-94 S5 13 106 F 5.6128 0.0339 5.29509 
Jan-94 S6 13.5 104 F 2.1348 0.0075 32.05269 
Jan-94 811 13.5 88 F 0.5347 0 90.60761 
Jan-94 813 13.5 100 F 1.51315 0.038 8 1.5815 
Jan-94 814 12 80 F 3.1329 0.0124 43:91612 
Jan-94 816 14 116 F 3.5562 0.0085 3.06569 
Jan-94 817 11 62 F 0.4842 0.0457 0.78097 
Feb-94 81 13 96 F 3.4523 0 53.59615 
Feb-94 82 11.6 62 F 0.7141 0 2 1.15177 
Feb-94 S3 14.2 130 F 5.9155 0 4.55038 
Feb-94 84 13 76 F 1.4419 0 2 1.89724 
Feb-94 85 15.5 136 F 3.9099 0 2.87493 
Feb-94 86 12.8 96 F 3.4378 0.012 3.58104 
Feb-94 87 13 96 F 2.6951 0 2.8074 
Feb-94 sa 13.6 106 F 3.6018 0 53.39792 
Feb-94 89 12.5 76 F 2.0184 0 2.65579 
Feb-94 810 12.5 82 F 1.824 0 2.22439 
Feb-94 811 12.7 84 F 1.9797 0.0311 2.35679 
Feb-94 812 14.5 110 F 3.399 0 4 3.09 
Feb-94 813 12.5 92F 4.1907 0.0094 . 4.55511 
Feb-94 814 14.3 122 F 4.8006 0 3.93492 
i Mar-94 82 12.5 92 F 2.6951 0 2.92946 
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. asin GSI FBSI asin FBSI 
0.00398143909 :>.12157143 0.00121571459 
0.0180331996 o.on 0.000nOOOO076 
0.00750940391 :>.18013333 0.00180133431 
0.0188844558 0.1975 0.00197500128 
0.0018n94228 0 0 
. 0.0134814429 . 0.055 0.000550000028 
0.010205859 0.385 0.00385000951 
0.00890101039 :>.09169643 0.000916964414 
0.0154387951 :>.90218182 0.00902194057 . 
0.0211215704 0.071 0.00071000006 
0.0104850406 :>.02580606 0.000256060609 
0.0158390551 :>.12598214 0.00125982176 
. 0.0191658075 :>.15579268 0.00155792746 
0.0192481885 0.08 0.000800000085 
0.0132322043 :>.00815909 0.0000815909092 
0.0141929007 :>.11272727 0.00112727297 
0 0 
-
0 
0.0195958193 0.0725 .0.000725000064 
0.0291509026 :>.04129032 0.000412903238 
0.0109538554 :>.05572727 0.000557272756 
0.00133000039 :>.04666667 0.000466666684 
0 0 0 
0.0160641692 3.05173913 0.000517391327 
0 0 0 
0.0529757187 ::1.03198113 0.000319811326 
0.020.5283649 :>.00721154 0.0000721153847 . 
0.00607617375 0 0 
0.0158156593 0.038 0.000380000009 
0.0391712666 0.0155 0.000155000001 
0.0306617007 :>.00732759 0.0000732758621 
0.00780975681 3.07370968 . 0.000737096841 
0.0359692139 0 0 
0.0115179986 0 0 
0.0455195642 0 0 
0.0189735068 0 0 
0.0287532265 0 0 
0.0358180749 0.0125 0.000125 
0.0280n6474 0 0 
0.0339857874 0 0 
0.0265610177 0 0 
0.0222457372 0 0 
0.0235700395 3.03702381 0.000370238104 
0.0309049194 0 0 
0.045566854 :>.01021739 0.000102173913 
0.0393593418 0 0 
0.0292987568 0 0 
0.0265972035 0 .. 0 
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MONTH FISH # LENGTH WEIGHT SEX GONAOWT FAT BODVWT AGE GSI 
Mar-94 54 15 132 F 3.492 0 2.64545 
Mar-94 S5 12 78 F 1.4652 0 1 1.87846 
Mar-94 S7 15.5 130 F 3.7812 0 52.90862 
Mar-94 S9 13 90 F 1.8454 0 2.05044 
Mar-94 S10 12.5 76 F 0.6048 0 1 0.79579 
~ar-94 S13 14.2 102 F 1.472 0 1.44314 
Mar-94 S17 14 122 F 4.5816 0 3.75541 
Mar-94 518 14.3 130 F 2.0076 0 1.54431 
Mar-94 519 12.3 68 F 0.1139 0 0.1675 
Apr-94 S3 15 134 F 0 0.1321 0 
Apr-94 S6 12 86 F 0.4567 0.0524 30.53105 
Apr-94 59 13.9 124 F 0.56 0.0042 9 0.45161 
Apr-94 514 12.9 112 F 0.434 0.0218 5 0.3875 
Apr-94 516 14 128 F 0 0.096 8 0 
Apr-94 S18 13.8 114 F 1.9555 0 8 1.71535 
Apr-94 520 13.7 124 F 3.2921 0.0043 82.65492 
Mav-94 S6 13 112 F 0.4169 0.0583 20.37223 
May-94 57 14 130 F 0.504 0.1678 0.38769 
May-94 58 14 108 F 0.8563 0.0368 0.79287 
Mav-94 S12 15 160 F 0.2483 0.0654 11 0.15519 
Mav-94 515 14.5 142 F 0.4479 0.1391 5 0.31542 
Mav-94 516 14.9 148 F 0.2926 0.1614 9 0.19n 
Mav-94 517 12.5 82 F 0.1081 0.0993 3 0.13183 
Jun-94 S1 16.4 190 F 0.5218 0.3246 10 0.27463 
Jun-94 54 14.2 130 F 0.4988 0.1153 40.38369 
Jun-94 S6 13.2 98 F 0.3681 0.3279 0.37561 
Jun-94 S12 15.9 180 F 0.6532 0.1719 60.36289 
Jun-94 S16 12.5 84 F 0.0809 0.157 30.09631 
Jun-94 S17 8 28 F 0.0078 0.0099 20.02786 
Jun-94 S2 12.3 88 F 0.0812 0.0854 0.09227 
Jun-94 S5 14.4 138 F 0.1232 0.3456 30.08928 
~94 S7 12.5 84 F 0.0411 0.043 0.04893 
Jun-94 S8 14.2 118 F 0.0428 0.4371 0.03627 
Jun-94 S10 11.9 78 F 0.039 0.1668 0.05 
Jun-94 S18 7 16 F 0 0 1 0 
JUI-94 S1 13.1 94F 0.3334 0.0665 50.35468 
JUI-94 S2 13.4 116 F 0.191 0.3785 60.16466 
JUI-94 S3 15.5 156 F 0 0 0 0 
JUI-94 S4 13.3 118 F 0.0762 0.3904 60.06458 
Jul-94 S5 13 104 F 0.0609 0.216 50.05856 
Jul-94 S6 11 52 F 0 0.n3 0 
Juf..94 S7 13.5 130 F 0.7331 0.1n9 0.56392 
JUI-94 S8 14.4 146 F 0 0.1963 10 0 
JUI-94 S9 14.2 140 F 0.5122 . 0.3403 9 0.36586 
JUI-94 S10 12.5 100 F 0.5692 0.115 4 0.5692 
Juf..94 S11 12 84F 0.2347 0.007!:j 0.27941 
Jul-94 S12 . 14'.7 116 F 0.3752 0.0426 0.31797 
91 
asin GSI ' FBSI aSin FBSI 
0.0264576321 0 0 
0.0187857203 0 0 
0.0290902566 0 0 
0.0205058815 0 0 
0.00795797873 0 0 
0.0144318735 0 0 
0.0375629311 0 0 
0.0154436908 0 0 
0.00167500078 0 0 
0 0.098582 0.00098582016 
0.00531049496 0.06093 0.000609300038 
0.00451614535 0.003387 0.00003387 
0.0038750097 0.019464 0.000194640001 
0 0.075 0.00075000007 
0.0171543513 0 0 
0.0265523099 0.003468 0.00003468 
0.00372233002 :1.05205357 0.000520535738 
0.00387693279 :1.12907692 0.00129076959 
0.00792878878 :1.03407407 0.000340740747 
0.00155187582 0.040875 0.000408750011 
0.00315423058 :1.09795775 0.000979577621 
0.00197702831 :1.10905405 0.00109054076 
0.00131829306 :>.12109756 0.00121097591 
0.00274631924 :1.17084211 0.00170842188 
0.00383693249 :>.08869231 0.000886923193 
0.00375613128 :>.33459184 0.00334592461 
0.00382889685 0.0955 0.000955000145 
0.00096309539 :1.18690476 0.00186904871 
0.00027857143 :1.03535714 . 0.000353571438 
0.0009227274 :>.09704545 0.000970454698 
0.00089275374 :1.25043478 0.00250435044 
0.00048928573 :1.05119048 0.000511904784 
0.00036271187 :1.37042373 0.00370424576 
0.00050000002 :1.21641026 0.00216410425 
0 0 0 
0.00354681744 0.094149 0.000941490139 
0.00164655074 0.326293 0.00326293579 
0 0 0 
0.00064576004 0.330847 0.00330847604 
0.00058558003 0.207692 0.00207692149 
0 1.486538 0.0148859275 
0.00563925989 0.138846 0.00138846043 
0 0.134452 0.00134452041 
0.00365857816 0.243071 0.00243071239 
0.00589203074 0.115 0.00115000025 
0.00279405364 0.009405 0.0000940500001 
0.00317966536 0.036102 0.000361020008 
92 
MONTH FISH # LENGTH WEIGHT SEX GONADWT FAT BODYWT AGIO GSI 
Jul-94 513 12 80 F 0.3343 0.1796 0.41788 
Jul-94 514 13.1 108 F " 0.3138 0.3357 0.29056 
" Jul-94 515 12.3 86 F 0.0475 0.2438 0.05523 
Jul-94 516 12 78 F 0.0838 0.1312 0.10744 
" Jul-94 - 517 11.5 74 F 0.4859 0.0866 0.65662 
Jul-94 518 11 .8 88 F 0.084 0.1278 30.09545 
Jul-94 519 14 140 F 0.0721 0.1355 10 0.0515 
Jul-94 520 13.5 122 F 0.2307 0.3126 0.1891 
Jul-94 521 13.6 124 F 0.3967 0.0828 80.31992 
Aug-94 51 13.5 _ 106 F 0.22124 0.30536 0.20872 
Aua-94 52 16 " 192 F 0.46383 0.22273 15 0.24158 
Aua-94 57 14.2 116 F 0 .3177 0.0627 0.27388 
Aug-94 58 12.7 98 F 0.2515 0.4475 0.25663 
Aug-94 59 14.7 140 F 0.5503 0.442 70.39307 
Aua-94 510 14 118 F 0.232 0.7025 6 0.19661 
Aua-94 815 12.5 90 F 0.3659 0.298 60.40656 
Aug-94 817 15 122 F 0.081 0.2998 70.06639 
Sep-94 89 14.5 150 F 0.7117 0.5943 0.47447 
Sep-94 813 15 154 F 0.1822 0.3769 0.11831 
SeP-94 51 14.4 132 F 0.4045 0.42185 0.30644 
Sep-94 53 13.7 142 F 1.3486 0.4459 0.94972 
Seo-94 85 14.5 140 F 0.9343 0.7446 0.66736 
5ep:'94 56 14.5 146 F 0.3427 0.6194 0.23473 
Sep-94 87 13.5 124 F 0.7772 0.3323 0.62677 
5ep-94 810 15.5 172 F 0 0.3491 0 
Sep...94 511 12.5 104 F 1.1057 0.3379 1.06317 
5ep:'94 814 14.9 160 F 0 0.3266 0 
Oct-94 52 15.3 142 F 2.0326 0.1182 1.43141 
Oct-94 54 12.5 94 F 1.0363 0.2608 1.10245 
Oct-94 56 15.4 188 F 2.1232 0.1036 1.26381 
Oct-94 87 10.3 46 F 0.0989 0.0106 0.215 
Oct-94 58 13.3 126 F 1.9696 0.4178 1.56317 
Oct-94 59 14 136 F 2.0123 0,2738 1.47963 
Oct-94 810 11 66 F 0.8691 0.0722 1.31682 
Oct-94 817 13 92 F 0 0 0 
Oct-94 S18 11.6 74 F 0.3925 ~ 0.1646 0.53041 
Oct-94 819 12.7 88 F 0.968 0.039 1.1 
Oct-94 820 12.5 86F 1.466 0.0779 1.70465 
Oct-94 822 12.7 86 F 1.4251 0.1738 1.65709 
Oct-94 823 10.5 56F 0 0.1688 0 
Nov-94 51 12.5 82F 0.9713 0.2298 2 1.16451 
"Nov-94 S3 15.5 138 F 2.3023 0.0232 9 1.66833 
"!ov-94 84 15.6 144 F 2.8542 . 0.0034 9 1.98208 
Nov-94 85 15 132 F 2.3658 0.031 8 1.79227 
Nov-94 86 13 98F 1.1418 0.0944 2 1.1651 
Nov-94 59 13 94F 1.1524 0.1363 3 1.22596 
Nov-94 525 14.9 126 F 1.6205 0.01157 8 1.28611 
8sln GSI .. FSSI asln FSSI 
fQ.00417876216 0.2245 0.00224500189 
0.00290556409 0.310833 0.00310833501 
0.00055233003 0.283488 0.0028348838 
0.00107436021 0.168205 0.00166205079 
0.00856626718 0.117027 0.00117027027 
0.00095455014 0.145227 0.00145227051 
0.00051500002 0.096786 0.000967860151 
0.00189098113 0.25623 0.0025623028 
0.00319919546 0.086774 0.00066774005 
0.00208717133 :>.28607547 0.0028607587 
0.0024157836 3.11600521 0.00116005234 
0.00273879653 3.05405172 0.000540517268 
0.00258632935 3.45663265 0.0045663424 
0.00393072441 3.31571429 0.0031571481 
0.00196610296 3.59533898 0.005953425 
0.00406556676 3.33111111 0.00331111716 
0.00066393448 0.2457377 0.00245737952 
0.00474468447 0.3962 0.00396201037 
0.00118311716 3.24474026 0.00244740504 
0.00306439874 :>.31958333 0.00319583877 
0.00949732587 3.31401408 0.00314014601 
0.00667362097 :>.53185714 0.0053185965 
0.00234726243 3.42424658 0.00424247848 
0.00626778297 3.26798387 0.00267984192 
o 3.20296512 0.00202965258 
0.0106319311 3.32490385 0.00324904418 
• 
0 0.205375 0.00205375144 
0.0143145734 3.12549296 0.00125492991 
0.0110246914 3.27744681 0.00277447164 
0.0126384317 3.06168667 0.000616666706 
0.00215000166 3.02304348 0.000230434785 
0.0156323827 0.3315873 0.00.131587909 
.0.0147968635 3.20132353 0.00201323665 
0.0131685624 3.10939394 0.00109393961 
0 0 0 
0.00530407892 3.22243243 0.00222432616 
0.0110002218 3.04431818 0.000443181833 
0.0170473373 0.0905814 ·0.000905814077 
0.0165716887 3.20209302 0.00202093161 
o 3.30142857 0.00301429028 
0.011845399 0.2802439 0.00280244269 
0.0166841074 3.01681159 0.000168115943 
0.0198221314 3.00236111 0.0000236111111 
0.0179236869 3.02348485 0.000234848487 
0.011651284 3.09632653 0.000963265455 
0.0122598816 0.145 0.00145000051 
0.0128614657 3.00918254 0.000091825397 
-i 
MONTH FISH # LENGTH WEIGHT SEX GONADWT FAT BODYWT AGE GSI -
Nov-94 529 11.5 82 F 1.1504 0.0287 2 1.40293 
Nov-94 532 13.6 102 F 0.7585 0.0524 30.74363 
Dec-94 53 _ . 16.5 170 F . 2.3173 0.1499 1.36312 
-Dec-94 54 15.2 - 150 F 2.0393 0.1081 1.35953 
[)eo.94 57 13.1 98 F 1.7071 0.019 1.74194 
[)eo.94 59 14.5 168 F 4.6845 0.0719 2.76839 
[)eo.94 511 16.5 116 F 1.8614 0.014 1.60466 
[)eo.94 514 12.8 92 F 1.4911 0.0135 1.62076 
-Dec-94 515 13 98 F 1.3611 0 1.36868 
Dec-94 516 13.6 104 F 1.9394 0.0175 1.86481 
Dec-94 519 14 108 F 1.4784 0.0182 1.36889 
Dec-94 522 10.1 48 F 0.1453 0 0.30271 
Jan-95 51 13 108 F 3.6411 0 3.37139 
Jan-95 52 13.9 114 F 2.7858 0 2.44368 
Jan-95 55 13 86 F 1.9656 0.1981 2.28558 
Jan-95 - S6 13.5 96 F 2.2456 0 2.33917 
Jan-95 58 12.9 90 F 1.3395 0 1.46833 
Jan-95 59 13.4 110 F 2.8953 0 2.63209 
Jan-95 511 13 92 F 1.706 0 1.85435 
Jan-95 516 13.1 92 F 1.742 0 1.89348 
Jan-95 519 14.4 114 F 3.6893 0 3.23623 
Jan-95 520 10.8 54 F 0.2416 0 0.44741 
Jan-95 521 13.5 102 F 2.492 0 2.44314 
Feb-95 51 13.6 112 F 4.8039 0.0436 4.2892 
Feb-95 53 13.6 108 F 3.5021 0.0048 3.24269 
Feb-95 58 12 76 F 1.41071 0 1.8562 
Feb-95 59 12.5 84 F 2.0487 0 2.43893 
Feb-95 510 16 186 F 3.4425 0 2.0738 
Feb-95 516 14.5 120 F 3.5781 0 2.98175 
Feb-95 519 13 94 F 4.2163 0 4.48543 
Feb-95 521 13.8 130 F 4.8174 0 3.70569 
- Feb-95 522 16 170 F 5.1792 0 3.04659 
Mar-95 51 13 68 F 1.9654 0 2.23341 
Mar-95 52 14 132 F 2.6562 0 2.01227 
Mar-95 54 17.6 188 F 3.9545 0 2.10346 
Mar-95 55 13.8 100 F 2.6332 0 2.6332 
Mar-95 S6 12.2 86 F 1.3203 0 1.53523 
Mar-95 58 14.6 146 F 2.8323 0 1.93993 
Mar-95 510 14.5 152 F 3.1232 0 2.05474 
Mar-95 512 14 128 F 2.0236 0 1.58094 
Mar-95 513 15.3 140 F 2.9865 0 2.13321 
Mar-95 515 13.5 116 F 2.3654 0 2.03914 
Mar-95 518 14.3 130 F 2.5698 0 1.97677 
Mar-95 519 10.5 62 F 0.63635 0 1.02637 
Mar-95 521 13.1 112 F 2.3654 0 2.11196 
Mar-95 522 11.2 70 F 1.9896 0 2.84229 
~95 53 12 84F 1.2486 0 1.48405 
95 
asin GSI FBSI as!n FBSI 
·0.0140297285 0.035 0.000350000007 
0.00743634305 :>.05137255 0.000513725513 
0.0136315986 :>.08817647 0.00088176482 
0.0135957522 :>.07206667 0.000720666729 
0.0174202688 :>.01938776 0.000193877552 
0.0278875432 :>.04279762 0.000427976204 
0.0160472404 :>.01206897 0.000120689655 
0.0162063184 :>.01467391 0.000146739131 
0.0138892221 0 0 
0.0186491579 :>.01682692 0.000168269232 
0.0136893164 :>.01685185 0.000168518519 
0.00302708796 0 0 
0.0337202788 0 0 
0.0244392749 0 0 
0.0228578044 :>.23034684 0.00230349041 
0.0233938004 0 0 
0.0146838829 0 0 
0.0263239492 0 0 
0.0185445412 0 0 
0.0189359142 0 0 
0.0323679323 0 0 
0.004474089 0 0 
0.0244338037 0 0 
0.0429051267 3.03892857 0.000389285724 
0.0324325374 0.00444444 0.0000444444445 
0.0185630398 0 0 
0.0243917043 0 0 
0.0207394385 0 0 
0.0298219201 0 0 
0.0448693094 0 0 
0.0370654095 0 0 
0.0304705972 0 0 
0.0223359481 0 0 
0.0201240855 0 · 0 
0.0210361259 0 0 
0.0263350439 0 0 
0.0153529287 0 0 
, 
0.019400532 0 0 
0.0205488145 0 0 
0.0158100336 0 0 
0.0213337611 0 0 
0.0203927927 0 0 
0.0197689799 0 0 
0.0102638899 0 0 
0.0211212132 0 0 
0.0284266855 0 0 
0.014841021 0 0 
96 
MbNTH' FISH # 
-
LENGTH WEIGHT SEX GONADWT FAT BODYWT AGE GSI 
Aor-95 54 13 110 F 1.7697 0 1.60882 
Apr-95 55 14 112 F 1.994 0.1004 1.78036 
Apr-95 56 13.8 122 F 1.782 0.0048 1.46066 
Aor-95 57 12.8 120 F 1.688 0.0056 1.40667 
Apr~95 511 14.8 136 F 3.266 0.0058 2.40147 
Apr-95 513 12.2 90 F 1.303 0 1.44n8 
. Apr-95 514 12.4 92 F 1.406 0.0124 1.52826 
Aor-95 515 14.5 144 F 3.897 0.0068 2.70625 
Apr-95 516 14.2 130 F 3.297 0.0072 2.53615 
May-95 51 13.5 86 F 0.1087 0.0992 0.1264 
May-95 52 14.5 104 F 0.4175 0.0588 ' 0.40144 
Mav-95 54 15.7 118 F 0.5121 0.1666 0.43398 
M~-95 56 13 94 F 0.1099 0.0995 0.11691 
May-95 511 14.5 112 F 0.4168 0.058 . 0.3n14 
May-95 512 14.5 110 F 0.4488 0.1389 0.408 
May-95 522 12.9 84 F 0.1079 0.099 0.12845 
M!IY.-95 523 12.5 78 F 0.10n 0.099 0.13808 
May-95 524 12.2 80 F 0.1082 0.098 0.13525 
Jun-95 51 8.1 30 F 0.008 0.01 0.5 0.02667 
Jun-95 52 14.2 120 F 0.0436 0.0438 40.03633 
Jun-95 55 15.8 180 F 0.6529 0.17 80.36272 
Jun-95 56 12.5 86F 0.0411 0.045 30.04n9 
Jun-95 59 15.9 180 F 0.653 0.1722 90.36278 
Jun-95 510 14.2 138 F 0.1233 0.3455 40.08935 
Jun-95 511 16.2 188 F 0.522 0.3244 80.2n66 
Jun-95 514 15.7 178 F 0.65 0.1715 7 0.36517 
Jun-95 515 11.7 76 F 0.035 0.1848 20.04605 
Jun-95 516 14.4 138 F 0.1232 0.3458 40.08928 
Jun-95 518 12 88F 0.0812 0.0854 30.09227 
~~-95 519 13.2 96F 0.3679 0.3276 40.38323 
Jun-95 520 12 86F 0.0412 0.0429 30.04791 
Jul-95 51 14.7 120 F 0.276 0.428 5 0.23 
Jul-95 55 13.6 126 F 0.3988 0.0836 4 0.31651 
Jul-95 56 11 .6 78 F 0.4862 0.0868 2 0.62333 
Jul-95 57 14.8 12.0 F 0.3801 0.0439 50.31675 
JUI-95 58 13 96F 0.333 ~ 0.888 40.34687 
Jul-95 511 13.5 122 F 0.39n 0.0832 40.32557 
Jul-95 512 11.8 88F 0.0841 0.1279 20.09557 
JUI-95 513 12 80 F 0.3345 0.1794 3 0.41813 
Jul-95 515 14.2 138 F 0.5123 0.3406 5 0.37123 
Jul-95 515 13.2 108 F 0.314 0.3358 40.29074 
Jul-95 516 12 84F 0.234 0.0068 30.27857 
Jul-95 519 13.4 124 F 0.969 0.083 40.78145 
JUI-95 520 13 102 F 0.0614 0.218 4 0.0602 
A\Jg-95 52 15.1 120 F 0.09 0.3001 6 0.075 
Auo-95 53 12.7 98F 0.2514 0.4473 30.25653 
Aug-95 55 12.5 100 F 0.2603 0.4501 3 0.2603 
97 
. . 
, 
asin GSI FBSI asin FBSI . 
0.0160888759 0 0 
0.0178045121 0.08964286 0.000896428691 
0.0146070768 0.00393443 0.i>Ooo393442623 
0.01.40671306 3.00466667 0.0000466666667 
0.0240170147 :>.00426471 0.0000426470568 
.0.0144782836 0 0 
0.0152832037 :>.01347826 
.. 
0.000134782609 
0.0270658044 :>.00472222 0.0000472222222 
0.025364258 :>:00553646 0.0000553646154 
0.00126395382 :>.11534884 0.00115348863 
0.00401443386 :>.05653846 0.000565384646 
0.00433984413 :>.14118644 0.00141186488 
0.0011691492 :>.10585106 0.00105851084 
0.00372143716 3.05178571 0.000517857166 
0.00408001132 :>.12627273 0.00126272761 
0.00128452416 :>.11785714 0.0011785717 
0.00138076967 :>.12692308 0.00126923111 
0.00135250041 0.1225 0.00122500031 
0.00026666667 :>.03333333 0.00033333334 
0.00036333334 0.0365 0.000365000008 
0.00362723018 :>.09444444 0.000944444585 
0.00047790699 :>.05232558 0.000523255838 
0.00362n8574 :>.09566667 0.000956666813 
0.00089347838 :>.25036232 0.0025036258 
0.00277659931 :>.17255319 0.00172553277 
0.00385169351 :>.09634831 0.000963483295 
• 
0.00046052633 :>.21684211 0.00216842275 
0.00089275374 :>.25057971 0.00250579972 
0.0009227274 :>.09704545 0.000970454698 
0.00383230105 0.34125 0.00341250662 
0.00047906979 :>.04968372 0.00049883723 
. 0.00230000203 0.35666667 0.00356667423 
0.00316508465 0.08634921 0.000663492112 
0.0062333737 :>.11128205 0.00111282074 
0.0031675053 ::1.03658333 0.000365833341 
0.00346875696 0.925 0.00925013191 
0.00325574346 0.06819672 0.000681967266 
0.00095568196 :>.14534091 0.0014534096 
0.00418126218 0.22425 0.00224250188 
0.00371232737 0.24681159 0.00246811845 
0.0029074115 0.31092593 0.00310926427 
0.00278571789 ::1.00809524 0.000080952381 
0.00781459567 3.06693548 0.000669354889 
0.00060196082 ::1.21372549 0.00213725653 
0.00075000007 ::1.25008333 0.00250083594 
0.00256530894 0.45642857 0.00456430156 
0.00260300294 0.4501 0.0045010152 
MONTH FISH # LENGTH WEIGHT SEX GONADWT FAT BODYWT AGE GSI 
AUQ-95 59 14.7 140 F 0.5601 . 0.4425 40.40007 
Aua-95 510 16.1 192 F 0.4642 0.22301 15 0.24177 
Aug-95 511 12.5 90 F 0.3701 0.301 3 0.41122 
Aug-95 812 14.2 114 F 0.3176 0.0625 4 0.2786 
Aug-95 513 14.1 118 F 0.233 0.7031 40.19746 
Aua-95 515 12.7 96 F 0.2515 0.4476 30.26198 
Aug-95 516 15.2 124 F 0.089 0.2996 90.07177 
Aug-95 517 14.5 140 F 0.5501 0.446 80.39293 
Aua-95 518 16.1 194 F 0.4701 0.23302 15 0.24232 
AIJQ-95 520 14.6 140 F 0.5601 0.4823 50.40007 
5ep-95 53 15.8 98 F 0.6318 0.3695 60.64469 
5ep-95 57 16.5 108 F 0.4661 0.379 10 0.43157 
5ep-95 59 15.3 86 F 0.2573 0.321 50.29919 
5ep-95 513 16.4 114 F 0.7959 0.2042 10 0.69816 
5ep-95 514 17 132 F 0.626 0.2003 13 0.47424 
5ep-95 516 14.9 82 F 0.217 0.321 50.26463 
Sep-95 518 16.7 108 F 0.466 0.3789 15 0.43148 
Oct-95 51 10.2 46 F 0.988 0.0104 0.5 2.14783 
Oct-95 52 11.6 . 74 F 0.392 0.164 20.52973 
Oct-95 57 12.5 86 F 1.4199 0.1703 3 1.65105 
Oct-95 58 13.2 126 F 2.0119 0.417 4 1.59675 
Oct-95 59 15.4 188 F 1.996 0.1036 6 1.1881 
Oct-95 513 12.5 88 F 1.4249 0.1732 3 1.65686 
Oct-95 5 14 14 136 F 2.9879 0.2735 42.19699 
Oct-95 515 10.2 44 F 0.0989 0.0105 0.5 0.22477 
Oct-95 516 14.1 136 F 2.982 0.2736 42.19265 . 
Nov-93 51 13 145 M 3.0473 0 82.10159 
Nov-93 53 15.2 162 M 0.0421 0.6192 0.02599 
Nov-93 54 13.4 136 M 4.4 0 33.23529 
Nov-93 55 14.8 176 M 6.7709 0.1738 9 3.8471 
Nov-93 56 15.1 164 M 5.0413 0.0804 93.07396 
Nov-93 58 11.1 64 M 0.3759 0 .0819 0.58734 
Nov-93 59 11.6 80 M 0.0227 0.5467 0.02838 
Nov-93 510 14.2 134 M 6.0214 0.1907 4.49358 
Nov-93 513 15.4 156 M 0 0 6 0 
Nov-93 514 10.9 66 M 0 
"' 
0 0 
Nov-93 515 14.3 144 M 6.1796 0.3442 54.29139 
Nov-93 516 . 14.2 138 M 0 0 7 0 
Nov-93 520 13.2 104 M 2.6519 0.0976 2.5499 
Nov-93 521 12.9 112 M 2.3626 0.3939 2.10946 
Nov-93 523 15.6 182 M 1.401 0.38687 0.76978 
Nov-93 526 11.7 48 M 0 0 2 0 
Nov-93 527 15.2 160 M 0 0 4 0 
Dec-93 51 12.2 90 M 0.5603 0.0124 0.5 0.62256 
Dec-93 54 12.8 104 M 0.0243 0.106 0.02337 
Dec-93 57 13.4 114 M 3.6636 0.3286 3.21368 
Deo-93 510 13 110 M 2.6234 0.0768 2.38491 
asin Giil FBSI Isin FBSI 
. 0.00400072496 :>.3:1607143 0.00316071955 
0.00241771069 :>.116'15104 . 0.00116151068 
0.00411223381 :>.33444444 · 0,00334445068 
0.00278596852 :>.05482456 0.000548245641 
0.00197457755 :>.59584746 0.00595850983 
0.00261979466 . 0.46625 · 0.00466251689 
0.000717742 0.2416129 0.00241613138 
0.00392929583 :>.31857143 .0.00318571967 
0.00242319825 0.1201134 0.00120113431 
0.00400072496 0.3445 · 0.00344500681 
0.00644698344 :>.37704082 0.0037704171 
0.00431575414 :>.35092593 0.00350926846 
0.00299186493 :>.37325581 0.00373256681 
0.00698163567 :>.17912281 0.00179122903 
0.00474244202 :>.15174242 0.00151742482 
0.00264634455 :>.39146341 0.00391464414 
0.0043148282 :>.35083333 0.00350834053 
0.0214799126 (>.0226087 0.000226086958 
0.00529732207 :>.22162162 0.00221621803 
0.0165112153 :>.19802326 0.00198023385 
0.0159681389 :>.33095238 0.00330952985 
0.0118812319 :>.06178571 0.000617857182 
0.0165693628 :>.20139535 0.00201395485 
0.0219716207 :>.20110294 0.00201103077 
0.00224772917 :>.02388364 0.000238636366 
0.0219282279 :>.20117647 0.00201176606 
0.0210174094 0 0 
0.00025987855 :>.38222222 0.00382223153 
0.0323585879 0 0 
0.0384805187 0.09875 0.00098750016 
0.0307444773 :>.04902439 0.000490243922 
0.00587347127 :>.12796875 0.00127968785 
0.00028375 0.683375 0.00683380319 
0.0449509573 :>.14231343 0.00142313481 
0 0 0 
0 0 0 
0.0429270715 :>.23902778 0.00239028005 
0 0 0 
0.0255018025 :>.09384615 0.000938461676 
0.0210962076 :>.35169643 0.00351697154 
0.00769787822 :> . 21256593 0.00212566094 
0 0 0 
0 0 0 
0.00622559577 :>.01377778 0.000137777778 
0.00023365385 :>.10192308 0.00101923095 
0.0321423764 :>.28824561 0.00288246013 
0.0238513523 :>.06981818 0.000698181875 
100 
. 
MONTH FISH # LENGTH WEIGHT SEX GONADWT FAT BODYWT AGE GSI 
Dec-93 514 135 116 M 6.882 0.1567 5.93276 
Dec-93 517 14.8 146 M 7.89n 0.2056 3 5.40938 
Dec-93 518. 15.5 188 M 6.6584 0.0401 9 3.5417 
Dec-93 519 15 '145 M 7.1983 0.4402 74.96434 
Dec--93 521 14 128 M 6.8368 0.2612 5.34125 
Dec-93 525 13.4 96 M 8.3095 0.332 48.65573 
Dec-93 526 13.6 136 M 8.0447 0.0436 55.91522 
Dec-93 527 13.1 100 M 2.8425 0.0731 2.8425 
Jan-94 51 15 . 152 M 
. 
10.5067 0.0192 12 6.9123 
Jan-94 52 15 158 M 9.2617 0.0112 5.86184 
Jan-94 54 14.5 118 M 10.3416 0.152 78.76407 
Jan-94 57 13.5 104 M 4.9261 0 4.73663 
Jan-94 sa 12 66 M 1.45 0.0061 2.19697 
Jan-94 59 11 70 M 0.8829 0 9 1.26129 
Jan-94 510 14 134 M 9.1345 0.0285 66.81679 
Jan-94 512 12 74 M 0.4554 0 6 0.61541 
Jan-94 515 15.5 144 M 10.8821 0.0329 7.55701 
. 
Feb-94 515 12.5 . 70 M 0.4796 0 0.68514 
Feb-94 516 14.5 120 M 6.3899 0 5.32492 
Feb-94 517 14 102 M 2.4059 0.0102 2.35873 
Feb-,94 518 15.5 154 M 8.8595 0 55.75292 
Feb-,94 519 13 92 M 2.3928 0 32.60087 
Feb-,94 520 14.6 138 M 7.8987 0 5.7237 
Feb-94 521 14.5 126 M 8.9601 0 67.11119 
Feb-,94 522 13 108 M 5.72793 0.0314 5.30364 
Feb-,94 523 14 130 M 7.6902 0.0197 4 5.91554. 
Feb-,94 524 13.4 116 M 10.318 0 8.89483 
Feb-,94 525 15.5 148 M 8.1355 0 85.49696 
Feb-,94 526 12.5 78 M 0.6837 0 0.87654 
Mar-94 51 14 142 M 8.5251 . 0.0353 46.00359 
Mar-94 56 17 192 M 6.495 0 93.38281 
Mar-94 53 16 154 M 8.605 0.0198 5.58766 
Mar-94 511 12.5 88 M 2.7222 0 23.16535 
Mar-94 512 16.5 188 M 4.6508 0 12 2.47383 
Mar-94 514 13.5 94 M 4.7566 0 5.06021 
Mar-94 515 15.1 142 M 5.6031 d 0 83.94565 
Mar-94 516 12.2 68 M 0.2296 0 10.33765 
Aor-94 521 12.8 120 M 0 0.1282 4 0 
Aor-94 52 12.2 86 M 1.5497 0.0719 1.80198 
~-94 54 13.5 108 M 1.8075 0.0394 1.67361 
Aor-94 55 14 138 M 1.8 0.0228 4 1.30435 
ADr-94 57 13.8 126 M 4.4119 0.0264 3.50151 
ADr-94 sa 13 104 M 0.3023 0.0133 0.29067 
. ADr-94 510 13.3 108 M 0.5784 0.0297 3 0.53556 
Apr-94 512 15 140 M 1.6231 0.2641 1.15936 
Apr-94 513 13.5 112 M 2.8207 0.0243 2.51848 
ADr..94 515 13.5 124 M 1.5147 0.0113 5 1.22153 
101 
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asin ~SI FBSt asln FBSI 
0:0593624446 :>.13508621 0.00135086248 
0.0541202515 :>.14082192 0.00140821964 
0.0354244298 :>.02132979 0.000213297874 
0.0496638617 :>.30358621 0.00303586673 
0.0534379294 0.2040625 0.00204062642 
0.0866657413 :>.34583333 0.00345834023 
0.0591867557 :>.03205882 0.000320588241 
0.0264288292 0.0731 0.000731000065 
0.0691781899 :>.01263158 0.00012631579 
0.0586519763 :>.00708861 0.000070886076 
0.0877532606 3.12881356 0.00128813595 
0.0473840757 0 0 
0.0219714647 :>.00924242 0.0000924242426 
0.0126131916 0 0 
0.0682208157 :>.02126866 0.000212686569 
0.0061540929 0 0 
0.0756422526 3.02264722 0.000228472224 
0.00685148218 3.00924836 0.000092483583 
0.0532743633 0 0 
0.0235894426 0.01 0.0001 
'D.057561 0014 o. 0 
0.0260116288 0 0 
0.0572682547 0 0 
0.0711719759 0 0 
0.0530612844 3.02907407 0.000290740745 
0.0591899401 3.01515385 0.000151538462 
0.0890659855 0 0 
0.0549973155 0 0 
0.00876549686 0 0 
0.0600720388 3.02485915 0.000248591552 
0.0338345801 0 0 
0.0559057406 :>.01285714 0.000128571429 
0.0316587766 0 0 
0.0247406218 0 0 
0.0506237477 0 0 
0.0394686972 0 0 
0.003376477 0 0 
0 0.106833 0.0010683302 
0.0180207428 3.08360465 0.000B3B046609 
0.0167368925 3.03648148 0.000364814823 
0.0130438481 3.01652174 0.000165217392 
0.0350222384 3.02095238 0.000209523811 
0.00290673486 0.01278846 0.000127884616 
0.00535558116 0.0275 0.000275000003 
0.0115938312 3.18864286 0.00188642969 
0.0251874645 3.02169643 0.000216964287 
0.0122156264 0.0091129 0.0000911290324 
I MONTti IFISH # ILENG"fH IT '5EX GONAOWf FAT BOOVWf AGE GSI 
817 14 114 M 1.8266 0.1498 :~ .819 15.2 151'1 M . .,,, .... n n".,,:1 5 
522 14.5 124 M ' n ?., .. ., nn ...... 8 10.18976 
823 15.2 144 1M 0.8161 Ii" nAA1 O. 
--;-;: -;;-;- 59 15 154 M nA=a n .,., .. ., 4 n 
S20 14.5 128 M 1.1699 0 !0.91398 
i51 17' 214 M n ?n.,.. 5 
IS2 15 142 1M o:162a 0 .1506 2 0.11465 
1 .. _l">A 
.89 14.3 146 1M 0.1523 0.1705 5 !0.10432 
i:._ n" 514 14.2 128 1M 0.14 n ... n, 2 0.10938 
1,._::<iA 81S 13 94 1M 0.123 n .,AAA 0.13085 
--:iUi:s4 S22 12 88 1M 0:389 0.1137 ? nAA?n<: 
Jul-94 1523 11.5 70 1M n ??'l. C 0.31914 
Jul-94 IS24 13.3 146 1M n A.,a. 0.1557 10 n <I.," 
Jul-M 1525 12:8 10C 1M n """. 0 4 n??SId 
--:iUi:s4 1826 12 7B iM 0.2143 0 lo.;!('!('! 
--:iUi:s4 1527 15.5 142 1M nn""'A 0 -9 In 
Jul-94 IS28 15.4 1481M n "AnA 0 In 
A •• _ -n.' 155 15 140 M n "" • ., 0.17861 10.41557 
.= 1511 13 102 M 0 0.3577 0 
~ IS12 14.8 -128 1M 0 n ??~ 8 0 
. ~ IS13 12 70 1M -n?A"" 1.002 10.41214 
A.._OA fS14 13.3 106 1M 0.033 0.0827 2 10~03113 
A .. _ nA IS18 12.3 86 1M n '>1 'lC n 'laoD E In 
1519 13.2 82 1M 0. 122~ 0.15~ In 
" 1521 13.8 174 1M . 0.2701 0.1456 e 10.15523 
IS2 15 146 1M ??ii7ii nlYAA 11 
I~ 14.6 158 1M 1.6324 0.7028 11 
IS8 13.5 118 1M 0.261~ n?AAa In ??1"'l 
1512 14.3 1~ 1M n ".::n. 0.4217 10.18687 
IS15 14.7 136 1M 0.774 n?'UY 10.56912 
IS1 15.4 168 1M ., .. aM 0.119 2.2019 
"'" n. IS3 15.4 .,," .. " 'l'l0"l n "n.,? 11 
155 17 230 111/1 .it R.,ou: 0.4152 I? n1461 
1511 13.2 120 1M .f AaA" nRn"'7 11""·"" 
IS12 14.9 . 146 1M ~ ., n "I?A? 1 "!.89904 
~OA 1514 15.1 154 1M ? """0 0: 162e 11 AROA1 
r\ ... nA IS15 14~9 14f 1M ? A<lRAI n Aa"" 11 
1516 15.1 15. 1M An?"" n ?.,no I? 
IS2 12.5 7E 1M ~ n I\R$I" 2 11.98192 
li IS7 14 108IM 2.1072 0.038 7 11.95111 
li 158 13 9. 1M 1.6128 n naA. ~ 11.75304 
1510 14.6 14~ 1M . " O?AA . nM"I"l 8 14.87915 
TS11 15'1 12ii 1M ~.,o 0.3061 11 3.5182 
1512 14 1181M 1.1~8 0.1622 7 10.96169 
li IS13 15.f 156IM 0 0 a 0 
1520 15.1i . 1321M ? A"lOA 0.0147 E 11 
asin GSI FBSI a81n FBSI 
0.0160234927 3.13140351 0.00131403547 
0.026761422 3.02246835 0.000224683546 
0.00189758178 J.04475806 0.00044758066 
0.00566739145 3.03340278 0.000334027784 
0.00303182283 0.1462987 0.00146298753 
0.00913997101 
3.09523364 0.000952336593 
0.00114647912 3.10605634 0.00106056358 
0.00104315087 3.11678082 0.00116780848 
0.oo1093750:!2 3.36671875 0.00366719572 
0.00130851101 3.38978723 0.00389788221 
0.00442046894 3.12920455 0.00129204581 
0.00319143399 0 0 
0.00335000627 3.10664384 0.00106643856 
0.00228400199 0 0 
0.00274743935 0 0 
0.00060845074 0 0 
0.00365135946 0 0 
0.00415572625 3.12757143 0.00127571463 
o 3.35068627 0.00350686993 
o 3.17539062 0.00175390715 
0.00412144024 1.43142857 0.0143147746 
0.00031132076 3.07801887 0.000780188758 
0.00364884531 3.34860465 . 0.00348605357 
0.00149288348 3.18707317 0.0018707328 
0.00155229947 3.08367816 0.000836781707 • 
0.0156705044 3.44219178 0.00442193222 
0.0103318294 :1.44481013 . 0.00444811593 
0.00221525605 3.24144068 0.00241440913 
0.0018686578 3.31470149 .0.00314702012 
0.00569120719 3.17382353 0.00173823617 
0.0220208273 3.07083333 0.000708333393 
0.0139242595 3.29952381 0.00299524257 
0.02014745 3.18052174 0.00180521837 
0.0158189931 0.50475 0.00504752143 
0.0289944733 3.22205479 0.00222054977 
0.0146966329 3.10558442 0.00105584435 
0.0164642573 3.33689189 0.00336892529 
0.0264659913 3.15190789 0.00151907953 
0.0198205285 3.08782051 0.000878205241 
0.0195123492 3.03518519 0.000351851859 
0.0175313328 3.07434783 0.000743478329 
0.048810929 3.04457746 0.000445774663 
0.0351892932 3.23914063 0.00239140853. 
0.0096170974 3.13745763 0.0013745767 
0 0 0 
0.0184813551 3.01113636 0.000111363637 
104 
MONTH FISH # LENGTH WEIGHT SEX GONADWT FAT BODYWT AGE GSI 
Nov-94 821 16.9 196 M 5.3569 0.0986 12 2.73311 
Nov-94 822 15 124 M 0 0 10 0 
Nov-94 823 15.9 138 M 1.0654 0.0578 90.77203 
Nov-94 826 14.7 124 M 4.8835 0.1484 8 3.93831 
Nov-94 827 13.6 104 M 2.6956 0.0786 32.59192 
Dec-94 81 14 118 M 4.1931 0.0391 3.55347 
Dec-94 82 19.5 290 M 14.3167 0.0798 4.93679 
Dec-94 85 15 144 M 5.7984 0.0832 4.02667 
Dec-94 86 13.5 110 M 5.3856 ·0.0177 4.896 
. 
Dec-94 88 13 90 M 2.4031 0.0082 2.67011 
Dec-94 810 14 . 138 M 4.9316 0.1426 3.57362 
Dec-94 812 12.8 168 M 1.7829 0.0567 1.06125 
Dec-94 813 13 92 M 1.6892 0 1.81435 
Dec-94 817 14.5 .130 M . 4.7549 0.0286 3.65762 
Dec-94 818 . 13.2 96 M 3.4046 0.0158 3.54646 
Dec-94 820 14.3 118 M 5.3101 0.05 4.50008 
Dec-94 821 12.3 82 M 1244 0 1.51707 
Jan-95 83 15.7 154 M 6.1706 0 4.00688 
Jan-95 84 16.5 164 M 5.7938 0.0211 3.5328 
Jan-95 87 14.3 124 M 5.7029 0 4.59911 
Jan-95 810 15.4 134 M 3.8348 0 2.86179 
Jan-95 812 13.3 94 M 3.838 0 4.08298 
Jan-95 813 16 136 M 3.1551 0 2.31993 
Jan-95 814 15.5 142 M 11.8377 0.0139 8.33641 
Jan-95 815 15.5 142 M 11.201 0.0377 7.88803 
Jan-95 817 15.1 130 M 8.5719 0 6.59377 
Jan-95 818 15 122 M 5.0234 0 4.11754 
Feb-95 85 14.2 126 M 8.3336 0 6.61397 
Feb-95 56 14.5 144 M 10.5135 0 7.30104 
Feb-95 87 12.4 78 M 0.6785 0 0.86987 
Feb-95 811 13.3 98 M 6.1088 0.0159 6.23347 
Feb-95 812 14.5 126 M 6.3879 0.Q18 5.06976 
Feb-95 813 15 140 M 10.9578 0 7.827 
Feb-95 814 16 160 M 12.7251 0 7.95319 
Feb-95 815 15 140 M 7.6368 0.0814 5.45486 
Feb-95 817 15.9 160 M 13.0999 .; 0.0338 8.18744 
Feb-95 818 14.3 120 M 6.2169 0 5.18075 
Feb-95 820 15 154 M 11 .6307 0 7.5524 
Mar-95 83 16 204 M 0 0.3437 0 
Ml:Ir-95 87 15 162 M 8.8898 0 5.48753 
Mar-95 89 14 114 M 5.7868 0 5.07614 
Mar-95 814 16 158 M 4.96 0 3.13924 
Mar-95 817 13 96 M 4.4875 0 4.67448 
Mar-95 820 14 130 M 9.489 0 7.29923 
Apr-95 81 14.5 126 M 3.2689 0.1654 2.59437 
Apr-95 82 12.5 93 M · 1.9609 0.0268 2.10849 
105 
asln GSI FBSI . asin FBSI 
0.0273345263 3.05030612 0.000503061246 
0 0 () 
0.00772036655 3.04188406 0.000418840592 
0.0393932523 3.11967742 0.00119677448 
0.0259221338 3.07557692 0.000755769303 
0.0355422284 3.03313559 0.000331355938 
0.0493880063 3.02751724 0.000275172417 
0.040277556 3.05777778 0.00057777781 
0.048979581~ 3.01609091 0.000160909092 
0.0267042849 3.00911111 0.0000911111112 
0.0357438426 3.10333333 0.00103333352 
0.0106126992 0.03375 0.000337500006 
0.0181444738 0 0 
0.0365843141 0.022 0.000220000002 
0.0354720217 3.01845833 0.000164583334 
0.0450160497 3.04237288 0.000423728826 
0.0151713137 0 0 
0.0400795607 .. 0 0 
0.0353354016 3.01286585 0.000128658537 
0.0460073578 0 0 
0.0286218182 0 0 
0.0408411401 0 0 
0.0232013462 0 0 
0.0834609452 3.00978673 0.0000978873241 
0.0789623117 0.0265493 0.000265492961 
0.0659855665 0 0 
0.0411870536 0 0 
0.0661879986 0 0 
0.0730754367 0 0 
0.00869862765 0 0 
0.0623751327 3.01622449 0.000162244899 
0.0507193618 3.01428571 0.000142857143 
0.0783501373 0 0 
0.0796159586 0 0 
0.0545756597 3.05814286 0.000581428604 
0.081966125 0.021125 0.000211250002 
0.0518307034 01 0 
0.0755960075 0 0 
03.16848039 0.00168480472 
0.054902887 0 0 
0.0507832285 0 0 
0.0313975635 0 0 
0.0467618319 0 0 
0.0730572793 0 0 
0.025946562 :>.13126984 0.00131269879 
0.021 0865089 0.0288172 0.000288112047 
106 
.. 
MONTH FISH # L~NGTH WEIGHT SEX GONADWT FAT BODVWT AGE GSI 
Apr-95 S8 12.4 88 M 1.602 0.082 1.82045 
Apr-95 S9 14 134 M 1.866 0.0222 1.39254 
Apr-95 S10 .' 13.3 108 M 0.575 0.03021 0.53241 
Apr-95 S12 12.2 88 M 1.6 0.0071 . 1.81818 
Apr-95 S17 12.2 86 M 1.5488 0.0689 1.80093 
Apr-95 S18 13.3 110 M 0.6003 0.0299 0.54573 
May-95 S3 15.2 116 M 1.1702 0.00032 1.00879 
May-95 S5 14 138 M 0.1619 0.15 0.11732 
Mav-95 S13 14.5 116 M 0.4675 0.226 0.40302 
May-95 S14 . 14.5 116 M 0.4673 0.2259 0.40284 
May-95 S16 14.5 116 M 0.4674 0.2257 0.40293 
Mav.g5 S25 15 126 M 0.1601 0.1498 0.12706 
Jun-95 S3 14.5 148 M 0.1528 0.1709 50.10324 
Jun-95 S4 16.1 176 M 0.51 0.31 90.28977 
Jun-95 S6 14.3 146 M 0.15 0.17 5 0.10274 
Jun-95 S7 13 96 M 0.125 0.3668 4 0.13021 
Jun-95 S12 13.2 96 M 0.122 0.3662 4 0.12708 
Jun-95 S13 14 126 M 0.12 0.469 50.09524 
Jul-95 S2 13.3 148 M 0.496 0.1562 0.33514 
JUI-95 S3 15.5 146 M 0.5236 0 0.35863 
Jul-95 S4 15 140 M 0.1263 0 0.09021 
Jul-95 S9 11 .5 72 M 0.2238 a 0.31083 
Jul-95 S10 12 80 M 0.2151 0 0.26888 
Jul-95 S17 15.4 142 M 0.087 0 0.06127 
Jul-95 S18 13.2 146 M 0.4889 0 0.33466 
Aug..95 S1 13.6 172 M 0.2703 0.1458 4 0.15716 
Aua-95 S6 15 128 M 0 0.2248 6 0 
AllQ-95 S7 13 102 M 0 0.3666 4 0 
Aug-95 S8 13.8 174 M 0.2703 0.1458 50.15534 
Aug-95 S19 13.2 104 M 0 0.3576 4 0 
Sep-95 S1 17.2 120 M 0.0534 0.8233 16 0.0445 
Seo-95 S2 17.3 140 M 0.0268 0.4889 16 0.01914 
~ep.gs S4 14 76 M 0 0.35 4 0 
Sep-95 S5 15.4 90 M 0.016 0.187 50.01778 
Sep-95 S6 16.8 104 M 0.0392 0.3828 14 0.03769 
Sep-95 S8 19.1 180 M 0.0788 ~ 0.29 16 0.04378 
SE!p:95 S10 18.1 132 M 0.0268 0.4869 17 0.0203 
Sep-95 S11 18.3 148 M 0.522 0.3234 17 0.3527 
Sep-95 S12 17.5 140 M 0.0268 0.4869 17 0.01914 
Sep-95 S15 18.3 148 M 0.5219 0.3236 17 0.35264 
Sep.:95 S17 15.4 86 M 0.0285 0.3012 6 0.03314 
Sep-95 S19 14.3 78 M 0.5919 0.36 50.75885 
Sep-95 S20 17.2 120 M 0.053 0.622 15 0.04417 
Oct-95 S3 13 120 M 1.888 0.6052 41.57333 
Oct-95 54 14.8 146 M 2.437 . 0.4985 5 1.66918 
Oct-95 S5 15.5 168 M 2.3391 0.5035 61.39232 
107 
asinGSI FBSI asin FBSI 
0.0182055511 3.09:318182 0.0009:31818:317 
0 .01:392582:32 ::1.01656716 0.00016567184:3 
0.005:3240992:3 ::1.02797222 0.000279722226 
0.0181828201 ::1.00606818 Q.000080681818:3 
0.018010276 ::1.08011628 0.000801162876 
0.00545729982 ::1.02718182 0.000271818185 
0.0100881021 ::1.00027586 ::1.00000275862069 
0.00117:318867 ::1.10869565 0.00108695674 
0.0040:3018:3:32 ::1.19482759 0.00194827709 
0.00402845917 ::1.194741:38 0.00194741502 
0.004029:32125 ::1.19456897 0.00194569088 
0.0012706:3526 J.11888889 0.00118888917 
0.0010324:3282 3.11547297 0.00115472999 
0.0028977:31:J:J ::1.1761:36:36 0.001761 :36455 
0.001027:39744 ::1.1164:3836 0.001164:38:382 
0.001:30206:37 ::I.:J8206:3:3:3 0.00:38208426:3 
0.0012706:3368 ::1.:381456:3:3 0.00:J81459258 
0.000952:3611 3.:37222222 0.00:37222:3082 
0.00:J:J51:35762 J. 1 0554054 0.0010554056 
0.00:3586:30906 0 0 
0.00090214298 0 0 
0.00:3108:3:38:J4 0 0 
0.00268875:324 0 0 
0.00061267609 0 0 
0.00:J34B6364 0 0 
0.00157151227 3.08476744 0.00084767452 
0 0.175625 0.0017562509 
03.:35941176 0.00:3594125:39 
0.00155:34489 0.08:379:31 0.0006:379:311 :3:3 
o 3.:34:384615 0.00:34:38468:31 
0.00044500001 3.51941867 0.00519419002 
0.00019142857 3.:34778571 0.00:347788415 
o 3.460526:32 0.00460527944 
0.00017m778 3.207m78 0.00207777927 
0.000:37692:309 ::1.:34884615 0.00346846861 
0.0004377m9 3.16111111 0.0016111.~ 
0.00020:30:303 J.36886364 0.0036886447:3 
0.00:35270:34:34 3.21851:351 0.0021851:3687 
0.00019142857 ::1.:34778571 0.00:347788415 
0.003526:35886 3.21864865 0.0021884682:3 
0.000:331395:35 J.:3502:3256 0.00:3502:3:3274 
0.0075885:3437 J.4615:3846 0.004615401 
0.00044166868 3.516:3:3:3:3:3 0.00516:3:35654 
0.0157:3:39825 J.5oo:3:33:3 0.00504:335471 
0.016692556 J.:3414:J836 0.00:3414:3902 
0.01:39236642 ::1.299702:38 0.002997026:3 
108 
MONTH FISH # LENGIH WEIGHT SEX GONADWT FAT BODYWT AGE GSI 
Oct-95 56 15.4· 168 M 3.699 0.12 62.20179 
Oct-95 510 13.2 122 M 1.8981 0.6056 4 1.55582 
Oct-95 511 15.1 152 M 2.263 0.1625 6 1.48882 
Oct-95 512 14.9 146 M 2.467 0.4988 51.68973 
Oct-95 517 17.1 232 M 4.642 0.4158 13 2.00086 
Oct-95 518 15.4 168 M 2.3409 0.503 71.39339 
Oct-95 519 14.8 146 M 4.232 0.3241 52.89863 
Oct-95 520 14.9 148 M 2.436 0.4984 5 1.64595 
asin GSI FBSt asin FBSt 
0.0220196 0.0714286 ).000714286 
0.0155588 0.4963934 ).004963955 
0.0148887 0.1069079 ).001069079 
0.0168981 0.3416438 ),003416445 
0.02001 0.1792241 ),001792242 
0.0139344 0.2994048 ).002994052 
0.0289904 0.2219863 ).002219865 
0.0164602 0.3367568 ).003367574 
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